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METHOD AND DEVICE IN UE AND BASE
STATION USED FOR WIRELESS
COMMUNICATION

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of the U.S. patent
application Ser. No. 16/745,350, filed on Jan. 17, 2020,

which 1s a continuation of International Application No.
PCT/CN2017/093596, filed Jul. 20, 2017, the full disclosure
of which 1s mcorporated herein by reference.

BACKGROUND

Technical Field

The present disclosure relates to methods and devices of
transmission of radio signals in wireless communication
systems, and in particular to a method and a device of
transmitting a radio signal in a wireless communication
system that supports multi-antenna transmission.

Related Art

In wireless communication systems, reference signals are
an essential means of guaranteeing communication quality.
Compared with conventional Long Term Evolution (LTE)
system, reference signals 1 5G system will have to support
more diverse features, such as channel status information
(CSI) acquisition and beam scanning. In order to meet
different requirements for features and optimize designs, the
5G system not only allows a User Equipment (UE) and a
base station to measure reference signals 1n multiple refer-
ence signal resources but also supports various reference
signals, including periodic, semi-persistent and aperiodic
reference signals.

SUMMARY

The inventors have found through researches that a UE in
5G system needs to avoid any confusion that may arise from
the citation of one reference signal resource when required
to measure or transmit reference signals i a plurality of
reference signal resources, particularly when the system has
scheduled aperiodic reference signals repeatedly.

In view of the above problem, the present disclosure
provides a solution. It should be noted that the embodiments
of a UE 1n the present disclosure and the characteristics 1n
the embodiments may be applied to a base station if no
conflict 1s incurred, and vice versa. The embodiments of the
present disclosure and the characteristics 1n the embodi-
ments may be mutually combined if no conflict 1s incurred.

The present disclosure provides a method 1n a UE ifor
wireless communication, comprising:

receiving a first signaling;

receiving a second signaling; and

operating a first radio signal;

herein, the first signaling comprises a first field, the

second signaling comprises a second field; the second
signaling comprises lirst-type scheduling information
of the first radio signal; the first field of the first
signaling and the second field of the second signaling
are jointly used for determiming whether the first radio
signal 1s related to the first signaling; the operating 1s
receiving, or the operating 1s transmitting.
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In one embodiment, an advantage of the above method 1s
that the first signaling can be used for scheduling a reference
signal, and then i1dentifying the scheduled reference signal
with the first field, while the second signaling can indicate
with the second field whether the first radio signal 1s related
to the reference signal scheduled by the first signaling.

In one embodiment, another advantage of the above
method 1s that when the UE 1s scheduled to transmit or
measure a plurality of reference signals, possible misunder-
standing of the reference signal(s) related to the first radio
signal can be avoided.

In one embodiment, the first signaling 1s a physical layer
signaling.

In one embodiment, the second signaling 1s a physical
layer signaling.

In one embodiment, the first signaling 1s a dynamic
signaling.

In one embodiment, the second signaling 1s a dynamic
signaling.

In one embodiment, the first signaling and the second
signaling are physical layer signalings, respectively.

In one embodiment, the first signaling and the second
signaling are dynamic signalings, respectively.

In one embodiment, the first field and the second field are
respectively composed of a positive iteger number of bits.

In one embodiment, a number of bits comprised in the
first field 1s the same as a number of bits comprised in the
second field.

In one embodiment, when a value of the second field of
the second signaling 1s equal to a value of the first field of
the first signaling, the first radio signal 1s related to the first
signaling; when the value of the second field of the second
signaling 1s unequal to the value of the first field of the first
signaling, the first radio signal 1s unrelated to the first
signaling.

In one embodiment, the first signaling 1s a last physical
layer signaling received before the second signaling which
comprises the first field.

In one embodiment, the first signaling 1s a last physical
layer signaling receirved before the second signaling which
may be used for determining the first radio signal.

In one embodiment, the physical layer signaling 1s Down-
link Control Information (DCI).

In one embodiment, the first signaling 1s a dynamic
signaling used for UpLink Grant.

In one embodiment, the first signaling 1s a dynamic
signaling used for DownLink Grant.

In one embodiment, the second signaling 1s a dynamic
signaling used for UpLink Grant, the operating 1s transmit-
ting.

In one embodiment, the second signaling 1s a dynamic
signaling used for DownLink Grant, the operating 1s rece1v-
ing.

In one embodiment, the first-type scheduling information
includes at least one of occupied time domain resources,
occupied Irequency domain resources, a Modulation and
Coding Scheme (MCS), a Hybrid Automatic Repeat reQuest
(HARD) process number, a Redundancy Version (RV), a
New Data Indicator (NDI), an occupied antenna port, a
corresponding transmit beamforming vector, a correspond-
ing receive beamiorming vector, a corresponding transmit
spatial filtering, or a corresponding receive spatial filtering.

In one embodiment, the phrase that the first radio signal
1s related to the first signaling means that at least one of an
antenna port occupied by the first radio signal, a transmait
beamiorming vector corresponding to the first radio signal,
a recerve beamforming vector corresponding to the first
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radio signal, a transmit spatial filtering corresponding to the
first radio signal or a receive spatial filtering corresponding
to the first radio signal 1s related to the first signaling.

In one embodiment, the phrase that the first radio signal
1s related to the first signaling means that the first signaling
1s used for determining at least one of an antenna port
occupied by the first radio signal, a transmit beamiforming
vector corresponding to the first radio signal, a receive
beamforming vector corresponding to the first radio signal,
a transmit spatial filtering corresponding to the first radio
signal or a receive spatial filtering corresponding to the first
radio signal.

In one embodiment, the phrase that the first radio signal
1s related to the first signaling means that time-frequency
resources occupied by the first radio signal are related to the
first signaling.

In one embodiment, the phrase that the first radio signal
1s related to the first signaling means that the first signaling
1s used for determining time-frequency resources occupied
by the first radio signal.

In one embodiment, the first signaling 1s transmitted on a
downlink physical layer control channel (i.e., a downlink
channel only capable of carrying a physical layer signaling).

In one embodiment, the second signaling 1s transmitted on
a downlink physical layer control channel (1.e., a downlink
channel only capable of carrying a physical layer signaling).

In one embodiment, the downlink physical layer control
channel 1s a Physical DownlinkControl CHannel (PDCCH).

In one embodiment, the downlink physical layer control
channel 1s a short PDCCH (sPDCCH).

In one embodiment, the downlink physical layer control
channel 1s a New Radio PDCCH (NR-PDCCH).

In one embodiment, the downlink physical layer control
channel 1s a NarrowBand PDCCH (NB-PDCCH).

In one embodiment, the first signaling 1s a Medium
Access Control layer Control Element (MAC CE) signaling.

In one embodiment, the first signaling 1s a higher layer
signaling.

In one embodiment, the first signaling 1s a Radio Resource
Control (RRC) signaling.

In one embodiment, the first signaling 1s transmitted on a
downlink physical layer data channel (1.e., a downlink
channel capable of carrying physical layer data).

In one embodiment, the downlink physical layer data
channel 1s a Physical Downlink Shared CHannel (PDSCH).

In one embodiment, the downlink physical layer data
channel 1s a short PDSCH (sPDSCH).

In one embodiment, the downlink physical layer data
channel 1s a NewRadio PDSCH (NR-PDSCH).

In one embodiment, the downlink physical layer data
channel 1s a NarrowBand PDSCH (NB-PDSCH).

In one embodiment, the first radio signal 1s transmitted on
an uplink physical layer data channel (1.e., an uplink channel
capable of carrying physical layer data), the operating is
transmitting.

In one embodiment, the uplink physical layer data chan-
nel 1s a Physical Uplink Shared CHannel (PUSCH).

In one embodiment, the uplink physical layer data chan-
nel 1s a short PUSCH (sPUSCH).

In one embodiment, the uplink physical layer data chan-
nel 1s a New Radio PUSCH (NR-PUSCH).

In one embodiment, the uplink physical layer data chan-
nel 1s a Narrow Band PUSCH (NB-PUSCH).

In one embodiment, the first radio signal i1s transmitting,
on a downlink physical layer data channel (i.e., a downlink
channel capable of carrying physical layer data), the oper-
ating 1s receiving.
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In one embodiment, the downlink physical layer data
channel 1s a PDSCH.

In one embodiment, the downlink physical layer data
channel 1s an sPDSCH.

In one embodiment, the downlink physical layer data
channel 1s an NR-PDSCH.

In one embodiment, the downlink physical layer data
channel 1s an NB-PDSCH.

Specifically, according to one aspect of the present dis-
closure, wherein when a value of the second field of the
second signaling 1s equal to a value of the first field of the
first signaling, the first radio signal i1s related to the first
signaling; when the value of the second field of the second
signaling 1s unequal to the value of the first field of the first
signaling, the first radio signal 1s unrelated to the first
signaling.

Specifically, according to one aspect of the present dis-
closure, comprising:

transmitting a first reference signal;

herein, the first field of the first signaling and the second

field of the second signaling are jointly used for deter-
mining that the first radio signal 1s related to the first
signaling, the first signaling 1s used for determining
second-type scheduling information of the first refer-
ence signal, the first reference signal comprises P first
sub-signal(s), the P first sub-signal(s) 1s(are) transmit-
ted respectively by P first-type antenna port(s), the first
radio signal comprises K radio sub-signal(s), the K
radio sub-signal(s) 1s(are) transmitted respectively by
K second-type antenna port(s), multi-antenna related
processing(s) of K first sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related pro-
cessing(s) of the K radio sub-signal(s), the K {irst
sub-signal(s) 1s(are) a subset of the P first sub-signal(s),
P 1s a positive integer, K 1s a positive integer no greater
than the P.

In one embodiment, an advantage of the above method 1s
that multi-antenna related processing of an uplink reference
signal can be utilized to optimize multi-antenna processing,
of uplink or downlink data, thus improving data transmis-
sion quality.

In one embodiment, another advantage of the above
method 1s that when the operating 1s transmitting, the
reciprocity between uplink and downlink channels can be
employed to reduce the overhead for reference signals and
signaling.

In one embodiment, the second-type scheduling informa-
tion includes at least one of occupied time domain resources,
occupied Irequency domain resources, occupied code
domain resources, cyclic shift, an Orthogonal Cover Code
(OCC), an occupied antenna port, a corresponding transmit
beamiorming vector, a corresponding receive beamiorming
vector, a corresponding transmit spatial filtering or a corre-
sponding receive spatial filtering.

In one embodiment, the first signaling 1s used for trigger-
ing transmission of the first reference signal.

In one embodiment, the second signaling 1s used for
determining the K first sub-signal(s) out of the P first
sub-signal(s).

In one embodiment, the second signaling indicates an
index of each of the K first sub-signal(s) i the P first
sub-signal(s).

In one embodiment, the second signaling comprises a
third field, the third field comprises at least one of an SRS
Resource Indicator (SRI), a Transmitted Rank Indicator
(TRI), a Rank Indicator (RI), a Precoder Matrix Indicator
(PMI), or a Transmitted Precoding Matrix Indicator (TPMI),
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the third field of the second signaling 1s used for determining,
the K first sub-signal(s) out of the P first sub-signal(s).

In one embodiment, the third field comprises an SRI.

In one embodiment, the third field comprises a TRI.

In one embodiment, the third field comprises an RI.

In one embodiment, the third field comprises a TRI and an
SRI.

In one embodiment, the third field comprises an RI and an
SRI.

In one embodiment, the first reference signal 1s a Sound-
ing Reference Signal (SRS).

In one embodiment, a value of the first field of the first
signaling 1s equal to a value of the second field of the second
signaling.

In one embodiment, a measurement on the first reference
signal 1s used for determining the K first sub-signal(s) out of
the P first sub-signal(s).

In one embodiment, measurement(s) on the P first sub-
signal(s) 1s(are) respectively used for determiming P receiv-
ing quality(qualities).

In one embodiment, a receiving quality of any of the K
first sub-signal(s) 1s greater than a receiving quality of any
of the P first sub-signals not belonging to the K first
sub-signal(s).

In one embodiment, any of the P receiving quality(quali-
ties) 1s a Reference Signal Received Power (RSRP).

In one embodiment, any of the P receiving quality(quali-
ties) 1s a Reference Signal Received Quality (RSRQ).

In one embodiment, any of the P receiving quality(quali-
ties) 1s a Channel Quality Indicator (CQI).

In one embodiment, P first beamiorming vector(s) respec-
tively corresponds(correspond) to the P first sub-signal(s),
the P first beamiforming vector(s) respectively belongs(be-
long) to a first beamforming vector set, the first beamiorm-
ing vector set comprises a positive integer number of
beamforming vector(s). For any given first sub-signal of the
P first sub-signal(s), a corresponding first beamiorming
vector 1s a given first beamforming vector. A receiving
quality obtained by a target receiver of the first reference
signal when receiving the given first sub-signal employing
the given first beamiorming vector 1s higher than a receiving,
quality obtained by the target receiver of the first reference
signal when receiving the given first sub-signal employing
any beamiorming vector of the first beamforming vector set
other than the given first beamiforming vector.

In one embodiment, the P recerving quality(qualities)
1s(are) recerving quality(qualities) obtained when the target
receiver of the first reference signal receives the P first
sub-signal(s) respectively employing the P first beamiorm-
ing vector(s).

In one embodiment, K first beamforming vector(s) is(are)
first beamforming vector(s) respectively corresponding to
the K first sub-signal(s) out of the P first beamiorming
vector(s).

In one embodiment, a receiving quality obtained by a
target recerver of the first reference signal when employing
any of the K first beamforming vector(s) to receive a
corresponding first sub-signal 1s greater than a receiving
quality obtained by the target receiver of the first reference
signal when employing any of the P first beamforming
vectors not belonging to the K first beamforming vector(s)
to receive a corresponding first sub-signal.

In one embodiment, any given {irst-type antenna port of
the P first-type antenna port(s) 1s formed by a plurality of
antennas through antenna virtualization, mapping coetl-
cients of the plurality of antennas to the given first-type
antenna port constitute a beamforming vector, wherein the
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beamiorming vector 1s a Kronecker product of an analog
beamiorming vector and a digital beamiorming vector.

In one embodiment, any given second-type antenna port
of the K second-type antenna port(s) 1s formed by a plurality
ol antennas through antenna virtualization, mapping coetl-
cients of the plurality of antennas to the given second-type
antenna port constitute a beamforming vector, wherein the
beamiorming vector 1s a Kronecker product of an analog
beamiorming vector and a digital beamforming vector.

In one embodiment, K first-type antenna port(s) is(are) a
subset of the P first-type antenna port(s), the K first-type
antenna port(s) 1s(are) respectively used for transmitting the
K first sub-signal(s), the K first-type antenna port(s) respec-
tively corresponds(correspond) to the K second-type
antenna port(s).

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that multi-antenna related
transmission(s) of the K first sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related transmis-
sion(s) of the K radio sub-signal(s), the operating 1s trans-
mitting.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that any of the K first-type
antenna port(s) 1s Quasi1 Co-Located (QCL) with a corre-
sponding second-type antenna port, the operating 1s trans-
mitting.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that any of the K second-
type antenna port(s) and a corresponding first-type antenna
port correspond to a same beamforming vector, the operat-
ing 1s transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that any of the K second-
type antenna port(s) and a corresponding first-type antenna
port correspond to a same analog beamforming vector, the
operating 1s transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that any of the K second-
type antenna port(s) and a corresponding first-type antenna
port correspond to a same analog beamiorming vector and a
same digital beamforming vector, the operating 1s transmit-
ting.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that any of the K second-
type antenna port(s) and a corresponding first-type antenna
port correspond to a same spatial filtering, the operating 1s
transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that transmit spatial
filtering(s) corresponding to the K first sub-signal(s) 1s(are)
respectively the same as transmit spatial filtering(s) corre-
sponding to the K radio sub-signal(s), the operating 1s
transmitting.
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In one embodiment, two antenna ports being QCL means
that large-scale properties ol a channel experienced by a
radio signal transmitted from one antenna port can be used
to infer large-scale properties of a channel experienced by a
radio signal transmitted from another antenna port. The
large-scale properties include one or more of delay spread,
Doppler spread, Doppler shift, average gain, average delay,
angle of arrival, angle of departure, or spatial correlation.

In one embodiment, two antenna ports being QCL means
that the two antenna ports correspond to a same analog
beamforming vector.

In one embodiment, two antenna ports being QCL means
that the two antenna ports correspond to a same beamiorm-
ing vector.

In one embodiment, two antenna ports being QCL means
that a target receiver of the first reference signal 1s allowed
to recerve radio signals respectively transmitted from two
antenna ports employing a same beamforming vector.

In one embodiment, two antenna ports being QCL means
that a target receiver of the first reference signal 1s allowed
to recerve radio signals respectively transmitted from two
antenna ports employing a same analog beamiorming vec-
tor.

In one embodiment, two antenna ports being QCL means
that a target receiver of the first reference signal 1s allowed
to receive radio signals respectively transmitted from two
antenna ports employing a same spatial filtering.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that multi-antenna related
reception(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related transmission(s)
of the K radio sub-signal(s), the operating 1s receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that measurement(s) on the
K first sub-signal(s) 1s(are) respectively used for determin-
ing the K second-type antenna port(s), the operating 1is
receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that measurement(s) on the
K first sub-signal(s) 1s(are) respectively used for determin-
ing a beamiorming vector(s) corresponding to the K second-
type antenna port(s), the operating 1s receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that measurement(s) on the
K first sub-signal(s) 1s(are) respectively used for determin-
ing an analog beamforming vector(s) corresponding to the K
second-type antenna port(s), the operating 1s receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that the K first beamiorming
vector(s) 1s(are) respectively used as beamiorming vector(s)
corresponding to the K second-type antenna port(s), the
operating 1s receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that the K first beamforming,
vector(s) 1s(are) respectively used as analog beamiforming
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vector(s) corresponding to the K second-type antenna
port(s), the operating 1s receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that receive spatial
filtering(s) corresponding to the K first sub-signal(s) 1s(are)
respectively the same as transmit spatial filtering(s) corre-
sponding to the K radio sub-signal(s), the operating 1s
receiving.

In one embodiment, measurement(s) on the K first sub-
signal(s) 1s(are) used for determining an MCS of the first
radio signal, the operating 1s transmitting.

In one embodiment, recerving quality(qualities) of the K
first sub-signal(s) i1s(are) used for determining an MCS of
the first radio signal, the operating 1s transmaitting.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that multi-antenna related
reception(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related reception(s) of
the K radio sub-signal(s), the operating 1s transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that measurement(s) on the
K first sub-signal(s) 1s(are) respectively used for determin-
ing a receive beamiforming vector(s) of the K radio sub-
signal(s), the operating 1s transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that measurement(s) on the
K first sub-signal(s) 1s(are) respectively used for determin-
ing a receive analog beamforming vector(s) of the K radio
sub-signal(s), the operating 1s transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that the K first beamforming
vector(s) 1s(are) respectively used as receive beamiorming
vector(s) of the K radio sub-signal(s), the operating 1s
transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that the K first beamforming
vector(s) 1s(are) respectively used as receive analog beam-
forming vector(s) of the K radio sub-signal(s), the operating
1s transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that receive spatial
filtering(s) of the K first sub-signal(s) 1s(are) respectively the
same as receirve spatial filtering(s) of the K radio sub-
signal(s), the operating 1s transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that multi-antenna related
transmission(s) of the K first sub-signal(s) 1s(are) respec-
tively used dfor determining multi-antenna related
reception(s) of the K radio sub-signal(s), the operating 1s
receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively

used for determining multi-antenna related processing(s) of
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the K radio sub-signal(s) means that the K first-type antenna
port(s) 1s(are) respectively used for determining receive
beamforming vector(s) of the K radio sub-signal(s), the
operating 1s receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that the K first-type antenna
port(s) 1s(are) respectively used for determining receive
analog beamforming vector(s) of the K radio sub-signal(s),
the operating 1s receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that beamforming vector(s)
corresponding to the K first-type antenna port(s) i1s(are)
respectively used as receive beamiorming vector(s) of the K
radio sub-signal(s), the operating 1s receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that analog beamiorming,
vector(s) corresponding to the K first-type antenna port(s)
is(are) respectively used as receirve analog beamiorming
vector(s) of the K radio sub-signal(s), the operating is
receiving.

In one embodiment, the phrase that multi-antenna related

processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that transmit spatial
filtering(s) corresponding to the K first sub-signal(s) 1s(are)
respectively the same as receive spatial filtering(s) corre-
sponding to the K radio sub-signal(s), the operating 1s
receiving.
In one embodiment, the first reference signal 1s wideband.
In one embodiment, a system bandwidth 1s divided into a
positive integer number of frequency-domain regions, the
first reference signal occurs 1n all frequency-domain regions
within the system bandwidth, any of the positive integer
number of frequency-domain regions comprises a positive
integer number of consecutive subcarriers.

In one embodiment, any two frequency-domain regions of
the positive mteger number of frequency-domain regions
comprise equal numbers of subcarriers.

In one embodiment, the first reference signal 1s narrow-
band.

In one embodiment, the first reference signal occurs only
in part of the positive integer number of frequency-domain
regions.

In one embodiment, the first reference signal occurs only
once 1 time domain.

In one embodiment, the first reference signal occurs
multiple times 1n time domain.

In one embodiment, time-ifrequency resources occupied
by any two of the P first sub-signals are mutually orthogonal
(that 1s, non-overlapping).

In one embodiment, time domain resources occupied by
any two of the P first sub-signals are mutually orthogonal
(that 1s, non-overlapping).

In one embodiment, at least two of the P first sub-signals
occupy same time domain resources.

In one embodiment, code domain resources occupied by
any two of the P first sub-signals are mutually orthogonal.

In one embodiment, at least two of the P first sub-signals
occupy same time-irequency resources.

In one embodiment, the K radio sub-signals occupy same
time-frequency resources.
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In one embodiment, at least two of the K radio sub-signals
occupy orthogonal (non-overlapping) time-frequency
resources.

In one embodiment, frequency domain resources occu-
pied by the first radio signal belong to frequency domain
resources occupied by the first reference signal.

In one embodiment, frequency domain resources occu-
pied by the first radio signal are a part of frequency domain
resources occupied by the first reference signal.

In one embodiment, the first radio signal and the first
reference signal occupy same frequency domain resources.
In one embodiment, the K 1s less than the P.

In one embodiment, the K 1s equal to the P.
In one embodiment, the P 1s equal to 1.
In one embodiment, the P 1s greater than 1.

Specifically, according to one aspect of the present dis-
closure, comprising:

recerving a second reference signal;

herein, the first field of the first signaling and the second
field of the second signaling are jointly used for determining
that the first radio signal 1s related to the first signaling, the
first signaling 1s used for determining third-type scheduling
information of the second reference signal, the second
reference signal comprises Q second sub-signal(s), the Q
second sub-signal(s) is(are) respectively transmitted by
third-type antenna port(s), the first radio signal comprises K
radio sub-signal(s), the K radio sub-signal(s) 1s(are) trans-
mitted respectively by K second-type antenna port(s), multi-
antenna related processing(s) of K second sub-signal(s)
is(are) respectively used for determining multi-antenna
related processing(s) of the K radio sub-signal(s), the K
second sub-signal(s) 1s(are) a subset of the Q second sub-
signal(s), QQ 1s a positive mteger, K 1s a positive integer no
greater than the Q.

In one embodiment, an advantage of the above method 1s
that multi-antenna related processing of a downlink refer-
ence signal can be utilized to optimize multi-antenna related
processing ol uplink or downlink data, thereby improving
data transmission quality.

In one embodiment, another advantage of the above
method 1s that when the operating 1s receiving, the reciproc-
ity between uplink and downlink channels may be employed
to reduce the overhead for reference signals and signaling.

In one embodiment, the third-type scheduling information
includes at least one of occupied time domain resources,
occupied Irequency domain resources, occupied code
domain resources, cyclic shift, an OCC, an occupied antenna
port, a corresponding transmit beamiorming vector, a cor-
responding receive beamiorming vector, a corresponding
transmit spatial filtering or a corresponding receive spatial
filtering.

In one embodiment, the first signaling 1s used for trigger-
ing a measurement on the second reference signal.

In one embodiment, the second signaling 1s used for
determining the K second sub-signal(s) out of the Q second
sub-signal(s).

In one embodiment, the second signaling indicates an
index of each of the K second sub-signal(s) 1n the QQ second
sub-signal(s).

In one embodiment, the second signaling comprises a
tourth field, the fourth field comprises at least one of a TRI,
an RI, a CRI, a PMI or a TPMI, and the fourth field of the
second signaling 1s used for determining the K second
sub-signal(s) out of the Q second sub-signal(s).

In one embodiment, the fourth field comprises a TRI.
In one embodiment, the fourth field comprises a CRI.
In one embodiment, the : field comprises an RI.
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In one embodiment, the fourth field comprises a TRI and
a CRI.

In one embodiment, the fourth field comprises an RI and
a CRI.

In one embodiment, the second reference signal icludes
at least one of Channel State Information-Reference Signal

(CSI-RS), DeModulation Reference Signals (DMRS), fine-
time/frequency Tracking Reference Signals (TRS), Phase
error Tracking Retference Signals (PTRS), Primary Synchro-
nization Signal (PSS), Secondary Synchronization Signal
(SSS), Primary Sidelink Synchronization Signal (PSSS), or
Secondary Sidelink Synchronization Signal (SSSS).

In one embodiment, a value of the first field of the first
signaling 1s equal to a value of the second field of the second
signaling.

In one embodiment, a measurement on the second refer-
ence signal 1s used for determining the K second sub-
signal(s) out of the Q second sub-signal(s).

In one embodiment, measurement(s) on the Q second
sub-signal(s) 1s(are) respectively used for determining Q)
receiving quality(qualities).

In one embodiment, a receiving quality of any of the K
second sub-signal(s) 1s greater than a receiving quality of
any of the QQ second sub-signals not belonging to the K
second sub-signal(s).

In one embodiment, any of the (Q receiving quality
(qualities) 1s an RSRP.

In one embodiment, any of the (Q receiving quality
(qualities) 1s an RSRQ.

In one embodiment, any of the Q receiving quality
(qualities) 1s a CQI.

In one embodiment, Q second beamiorming vector(s)
respectively corresponds(correspond) to the Q second sub-
signal(s), the Q second beamforming vector(s) respectively
belongs(belong) to a second beamiforming vector set, the
second beamiorming vector set comprises a positive integer
number of beamforming vector(s). For any given second
sub-signal of the Q second sub-signal(s), a corresponding
second beamforming vector 1s a given second beamiorming
vector. A receiving quality obtained by the UE when receiv-
ing the given second sub-signal employing the given second
beamforming vector 1s higher than a receiving quality
obtained by the UE when receiving the given second sub-
signal employing any beamforming vector of the second
beamforming vector set other than the given second beam-
forming vector.

In one embodiment, the Q receiving quality(qualities)
1S(are) receiving quality(qualities) obtained when the UE
receives the Q second sub-signal(s) respectively employing,
the Q second beamforming vector(s).

In one embodiment, K second beamiforming vector(s)
1s(are) second beamforming vector(s) respectively corre-
sponding to the K second sub-signal(s) out of the Q second
beamforming vector(s).

In one embodiment, a receiving quality obtained by the
UE when employing any of the K second beamiorming
vector(s) to receive a corresponding second sub-signal 1s
greater than a receiving quality obtained by the UE when
employing any of the Q second beamforming vectors not
belonging to the K second beamiorming vector(s) to receive
a corresponding second sub-signal.

In one embodiment, any given third-type antenna port of
the Q third-type antenna port(s) 1s formed by a plurahty of
antennas through antenna virtualization, mappmg coetli-
cients of the plurality of antennas to the given third-type
antenna port constitute a beamforming vector, wherein the
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beamiorming vector 1s a Kronecker product of an analog
beamiorming vector and a digital beamforming vector.

In one embodiment, any given second-type antenna port
of the K second-type antenna port(s) 1s formed by a plurahty
ol antennas through antenna virtualization, mapping coetl-
cients of the plurality of antennas to the given second-type
antenna port constitute a beamforming vector, wherein the
beamiorming vector 1s a Kronecker product of an analog
beamiorming vector and a digital beamforming vector.

In one embodiment, K third-type antenna port(s) 1s(are) a
subset of the Q third-type antenna port(s), the K third-type
antenna port(s) 1s(are) respectively used for transmitting the
K second sub-signal(s), the K third-type antenna port(s)
respectively corresponds(correspond) to the K second-type
antenna port(s).

In one embodiment, the phrase that multi-antenna related
processing(s) ol the K second sub-signal(s) 1s(are) respec-
tively used dfor determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that multi-
antenna related transmission(s) of the K second sub-
signal(s) 1s(are) respectively used for determining multi-
antenna related transmission(s) of the K radio sub-signal(s),
the operating 1s receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K second sub-signal(s) 1s(are) respec-
tively used 1for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that any of
the K third-type antenna port(s) 1s QCL with a correspond-
ing second-type antenna port, the operating 1s receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) ol the K second sub-signal(s) 1s(are) respec-
tively used dfor determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that any of
the K second-type antenna port(s) and a corresponding
third-type antenna port correspond to a same beamiorming
vector, the operating 1s receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) ol the K second sub-signal(s) 1s(are) respec-
tively used 1for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that any of
the K second-type antenna port(s) and a corresponding
third-type antenna port correspond to a same analog beam-
forming vector, the operating 1s receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) ol the K second sub-signal(s) 1s(are) respec-
tively used dfor determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that any of
the K second-type antenna port(s) and a corresponding
third-type antenna port correspond to a same analog beam-
forming vector and a same digital beamforming vector, the
operating 1s receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K second sub-signal(s) 1s(are) respec-
tively used 1for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that any of
the K second-type antenna port(s) and a corresponding
third-type antenna port correspond to a same spatial filter-
ing, the operating 1s receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) ol the K second sub-signal(s) 1s(are) respec-
tively used dfor determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that trans-
mit spatial filtering(s) corresponding to the K second sub-
signal(s) 1s(are) respectively the same as transmit spatial
filtering(s) corresponding to the K radio sub-signal(s), the
operating 1s receiving.
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In one embodiment, two antenna ports being QCL means
that the UE 1s allowed to receive radio signals respectively
transmitted from two antenna ports employing a same
beamforming vector.

In one embodiment, two antenna ports being QCL means
that the UE 1s allowed to receive radio signals respectively
transmitted from two antenna ports employing a same
analog beamforming vector.

In one embodiment, two antenna ports being QCL means
that the UE 1s allowed to receive radio signals respectively
transmitted from two antenna ports employing a same
spatial filtering.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K second sub-signal(s) 1s(are) respec-
tively used {for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that multi-
antenna related reception(s) of the K second sub-signal(s)
1s(are) respectively used for determining multi-antenna
related transmission(s) of the K radio sub-signal(s), the
operating 1s transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) ol the K second sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that mea-
surement(s) on the K second sub-signal(s) is(are) respec-
tively used for determining the K second-type antenna
port(s), the operating 1s transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K second sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that mea-
surement(s) on the K second sub-signal(s) is(are) respec-
tively used for determining a beamforming vector(s) corre-
sponding to the K second-type antenna port(s), the operating
1s transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K second sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that mea-
surement(s) on the K second sub-signal(s) 1s(are) respec-
tively used for determining an analog beamiorming
vector(s) corresponding to the K second-type antenna
port(s), the operating 1s transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) ol the K second sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that the K
second beamforming vector(s) 1s(are) respectively used as
beamforming vector(s) corresponding to the K second-type
antenna port(s), the operating 1s transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K second sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that the K
second beamiorming vector(s) 1s(are) respectively used as
analog beamforming vector(s) corresponding to the K sec-
ond-type antenna port(s), the operating 1s transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) ol the K second sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that receive
spatial filtering(s) corresponding to the K second sub-
signal(s) 1s(are) respectively the same as transmit spatial
filtering(s) corresponding to the K radio sub-signal(s), the
operating 1s transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K second sub-signal(s) 1s(are) respec-
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tively used 1for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that multi-
antenna related reception(s) of the K second sub-signal(s)
1s(are) respectively used for determining multi-antenna
related reception(s) of the K radio sub-signal(s), the oper-
ating 1s receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) ol the K second sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that mea-
surement(s) on the K second sub-signal(s) is(are) respec-
tively used for determining a receirve beamiorming vector(s)
of the K radio sub-signal(s), the operating 1s receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K second sub-signal(s) 1s(are) respec-
tively used 1for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that mea-
surement(s) on the K second sub-signal(s) is(are) respec-
tively used for determining a receive analog beamiforming
vector(s) of the K radio sub-signal(s), the operating is
receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) ol the K second sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that the K
second beamiforming vector(s) 1s(are) respectively used as
receive beamiorming vector(s) of the K radio sub-signal(s),
the operating 1s receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) ol the K second sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that the K
second beamforming vector(s) 1s(are) respectively used as
receive analog beamforming vector(s) of the K radio sub-
signal(s), the operating 1s receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) ol the K second sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that receive
spatial filtering(s) of the K second sub-signal(s) is(are)
respectively the same as receive spatial filtering(s) of the K
radio sub-signal(s), the operating 1s receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K second sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that multi-
antenna related transmission(s) of the K second sub-
signal(s) 1s(are) respectively used for determining multi-
antenna related reception(s) of the K radio sub-signal(s), the
operating 1s transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) ol the K second sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that the K
third-type antenna port(s) 1s(are) respectively used for deter-
mining a receive beamiorming vector(s) of the K radio
sub-signal(s), the operating 1s transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) ol the K second sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that the K
third-type antenna port(s) 1s(are) respectively used for deter-
mining a receive analog beamforming vector(s) of the K
radio sub-signal(s), the operating 1s transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) ol the K second sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related
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processing(s) of the K radio sub-signal(s) means that beam-
forming vector(s) corresponding to the K third-type antenna
port(s) 1s(are) respectively used as receive beamiorming
vector(s) of the K radio sub-signal(s), the operating 1s
transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) ol the K second sub-signal(s) 1s(are) respec-
tively used {for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that analog,
beamforming vector(s) corresponding to the K third-type
antenna port(s) 1s(are) respectively used as receirve analog
beamforming vector(s) of the K radio sub-signal(s), the
operating 1s transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K second sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that trans-
mit spatial filtering(s) corresponding to the K second sub-
signal(s) 1s(are) respectively the same as receive spatial
filtering(s) corresponding to the K radio sub-signal(s), the
operating 1s transmitting.

In one embodiment, the second reference signal 1s wide-
band.

In one embodiment, a system bandwidth 1s divided into a
positive integer number of frequency-domain regions, the
second reference signal occurs in all frequency-domain
regions within the system bandwidth, any of the positive
integer number of frequency-domain regions comprises a
positive integer number of consecutive subcarriers.

In one embodiment, any two of the positive integer

number of frequency-domain regions comprise equal num-
bers of subcarriers.

In one embodiment, the second reference signal 1s nar-
rowband.

In one embodiment, the second reference signal occurs
only once in time domain.

In one embodiment, the second reference signal occurs
multiple times 1n time domain.

In one embodiment, the second reference signal occurs
only in part of the positive integer number of frequency-
domain regions.

In one embodiment, time-frequency resources occupied
by any two of the Q second sub-signals are mutually
ort“’logonal (that 1s, non-overlapping).

In one embodlment time domain resources occupied by
any two of the @ second sub-signals are mutually orthogonal
(that 1s, non-overlapping).

In one embodiment, at least two of the Q second sub-
signals occupy same time domain resources.

In one embodiment, code domain resources occupied by
any two of the Q second sub-signals are mutually orthogo-
nal.

In one embodiment, at least two of the Q second sub-
signals occupy same time- frequency resources.

In one embodiment, the K 1s less than the Q.
In one embodiment, the K 1s equal to the Q.
In one embodiment, the Q 1s greater than 1.

Specifically, according to one aspect of the present dis-
closure, comprising:

transmitting uplink information;

herein, the uplink information 1s used for determiming K1

second sub-signal(s), the K1 second sub-signal(s)
1s(are) a subset of the QQ second sub-signal(s), the K
second sub-signal(s) 1s(are) a subset of the K1 second
sub-signal(s), K1 1s a positive imteger no greater than

the Q and no less than the K.
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In one embodiment, a measurement on the second refer-
ence signal 1s used for determining the K1 second sub-
signal(s).

In one embodiment, a recerving quality of any of the K1
second sub-signal(s) 1s greater than a receiving quality of
any of the Q second sub-signals not belonging to the K1
second sub-signal(s).

In one embodiment, the K1 1s equal to the K.

In one embodiment, the K1 1s greater than the K.

In one embodiment, the K1 1s less than the Q.

In one embodiment, the uplink mformation indicates an
index of each of the K1 second sub-signal(s) 1in the Q second
sub-signals.

In one embodiment, the uplink imnformation 1s used for
determining K1 receiving quality(qualities), the K1 receiv-
ing quality(qualities) 1s(are) receiving quality(qualities)
respectively corresponding to the K1 second sub-signal(s)
out of the Q receiving quality(qualities).

In one embodiment, K1 second beamiorming vector(s)
1s(are) second beamforming vector(s) respectively corre-
sponding to the K1 second sub-signal(s) out of the Q second
beamiorming vector(s).

In one embodiment, a recerving quality obtained by the
UE when employing any of the K1 second beamforming
vector(s) to receive a corresponding second sub-signal 1s
greater than a recerving quality obtained by the UE when
employing any of the Q second beamforming vectors not
belonging to the K1 second beamiforming vector(s) to
receive a corresponding second sub-signal.

In one embodiment, the uplink information indicates the
K1 receiving quality(qualities).

In one embodiment, the uplink information includes
Uplink Control Information (UCI).

In one embodiment, the uplink information includes one
or more of CSI, CRI, RSRP, RSRQ, CQI or PMI.

In one embodiment, the uplink information 1s carried by
a physical layer signaling.

In one embodiment, the uplink information 1s transmitted
on an uplink physical layer control channel (1.e., an uplink
channel only capable of carrying a physical layer signaling).

In one embodiment, the uplink physical layer control
channel 1s a Physical Uplink Control CHannel (PUCCH).

In one embodiment, the uplink physical layer control
channel 1s a short PUCCH (sPUCCH).

In one embodiment, the uplink physical layer control
channel 1s a New Radio PUCCH (NR-PUCCH).

In one embodiment, the uplink physical layer control
channel 1s a Narrow Band PUCCH (NB-PUCCH).

In one embodiment, the uplink mnformation 1s transmitted
on an uplink physical layer data channel (i.e., an uplink
channel capable of carrying physical layer data).

In one embodiment, the uplink physical layer data chan-
nel 1s a Physical Uplink Shared CHannel (PUSCH).

In one embodiment, the uplink physical layer data chan-
nel 1s a short PUSCH (sPUSCH).

In one embodiment, the uplink physical layer data chan-
nel 1s a New Radio PUSCH (NR-PUSCH).

In one embodiment, the uplink physical layer data chan-
nel 1s a Narrow Band PUSCH (NB-PUSCH).

Specifically, according to one aspect of the present dis-
closure, comprising:

recerving {irst downlink information;

herein, the first downlink information 1s used for deter-

mining T1 piece(s) of second-type scheduling informa-
tion, the second-type scheduling information of the first
reference signal 1s one of the T1 piece(s) of second-type
scheduling information, T1 1s a positive integer.
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In one embodiment, the first signaling 1s used for deter-
mimng second-type scheduling information of the first ref-
erence signal out of the T1 piece(s) of second-type sched-
uling information.

In one embodiment, the first signaling indicates an index
ol second-type scheduling information of the first reference
signal 1 the T1 piece(s) of second-type scheduling infor-
mation.

In one embodiment, the first downlink information 1s
carried by a higher layer signaling.

In one embodiment, the first downlink information 1s
carried by an RRC signaling.

In one embodiment, the first downlink information 1s
carried by a MAC CE signaling.

In one embodiment, the first downlink information 1s
transmitted on a downlink physical layer data channel (1.e.,
a downlink channel capable of carrying physical layer data).

In one embodiment, the downlink physical layer data
channel 1s a PDSCH.

In one embodiment, the downlink physical layer data
channel 1s an sPDSCH.

In one embodiment, the downlink physical layer data
channel 1s an NR-PDSCH.

In one embodiment, the downlink physical layer data
channel 1s an NB-PDSCH.

Specifically, according to one aspect of the present dis-
closure, comprising;

receiving second downlink information;

herein, the second downlink information 1s used {for

determining 12 piece(s) of third-type scheduling infor-
mation, the third-type scheduling information of the
second reference signal 1s one of the T2 piece(s) of
third-type scheduling information, T2 1s a positive
integer.

In one embodiment, the first signaling 1s used for deter-
mimng third-type scheduling information of the second
reference signal out of the T2 piece(s) of third-type sched-
uling information.

In one embodiment, the first signaling indicates an index
of third-type scheduling information of the second reference
signal 1n the T2 piece(s) of third-type scheduling informa-
tion.

In one embodiment, the second downlink information 1s
carried by a higher layer signaling.

In one embodiment, the second downlink information 1s
carried by an RRC signaling.

In one embodiment, the second downlink information 1s
carried by a MAC CE signaling.

In one embodiment, the second downlink information 1s
transmitted on a downlink physical layer data channel (1.e.,
a downlink channel capable of carrying physical layer data).

In one embodiment, the downlink physical layer data
channel 1s a PDSCH.

In one embodiment, the downlink physical layer data
channel 1s an sPDSCH.

In one embodiment, the downlink physical layer data
channel 1s an NR-PDSCH.

In one embodiment, the downlink physical layer data
channel 1s an NB-PDSCH.

Specifically, according to one aspect of the present dis-
closure, wherein the first field of the first signaling 1s used
for 1dentitying the first reference signal.

Specifically, according to one aspect of the present dis-
closure, wherein the first field of the first signaling 1s used
for 1dentitying the second reference signal.

Specifically, according to one aspect of the present dis-
closure, wherein the first signaling 1s used for determiming at
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least one of fourth-type scheduling information of the first
radio signal or fifth-type scheduling information of the
second signaling.

In one embodiment, the fourth-type scheduling informa-
tion belongs to a target information set, the first-type sched-
uling information belongs to the target information set, the
target information set comprises a positive mteger number
of piece(s) of information; any piece ol information in the
target information set 1s and can only be one of the first-type
scheduling information or the fourth-type scheduling infor-
mation, the target information set comprises at least two of
occupied time domain resources, occupied Irequency
domain resources, an MCS, a HARQ process number, an
RV, an NDI, an occupied antenna port, a corresponding
transmit beamforming vector, a corresponding receive
beamiorming vector, a corresponding transmit spatial filter-
ing, or a corresponding receive spatial filtering.

In one embodiment, the fifth-type scheduling information
includes at least one of occupied time domain resources,
occupied frequency domain resources, a number of infor-
mation bits comprised, an 1dentifying integer, an occupied
antenna port, a corresponding transmit beamforming vector,
a corresponding receive beamiorming vector, a correspond-
ing transmit spatial filtering, or a corresponding receive
spatial filtering.

In one embodiment, the i1dentifying integer 1s a Radio
Network Temporary Identifier (RNTI).

In one embodiment, the i1dentifying integer 1s used for
determining at least one of probably occupied Resource
Element (RE) set, Cyclic Redundancy Check (CRC) or
DMRS of a physical layer signaling corresponding to the
fifth-type scheduling information, the RE set comprises a
positive mteger number of RE(s).

In one embodiment, the first signaling explicitly indicates
fourth-type scheduling information of the first radio signal.

In one embodiment, the first signaling explicitly indicates
fifth-type scheduling information of the second signaling.

In one embodiment, the first signaling explicitly indicates
the fourth-type scheduling information of the first radio
signal and the fifth-type scheduling information of the
second signaling.

In one embodiment, the first signaling 1mplicitly indicates
the fourth-type scheduling information of the first radio
signal.

In one embodiment, the first signaling implicitly indicates
the fifth-type scheduling information of the second signal-
ing.

In one embodiment, the first signaling implicitly indicates
the fourth-type scheduling information and the fifth-type
scheduling information of the second signaling.

The present disclosure provides a method 1n a base station
for wireless communication, comprising:

transmitting a first signaling;

transmitting a second signaling; and

executing a first radio signal;

herein, the first signaling comprises a first field, the

second signaling comprises a second field; the second
signaling comprises first-type scheduling information
of the first radio signal; the first field of the first
signaling and the second field of the second signaling
are jointly used for determiming whether the first radio
signal 1s related to the first signaling; the executing 1s
transmitting, or the executing 1s receiving.

In one embodiment, the first signaling and the second
signaling are physical layer signalings, respectively.

In one embodiment, the first signaling and the second
signaling are dynamic signalings, respectively.




US 11,956,769 B2

19

In one embodiment, the first field and the second field are
respectively composed of a positive iteger number of bits.

In one embodiment, according to one aspect of the present
disclosure, wherein when a value of the second field of the
second signaling 1s equal to a value of the first field of the
first signaling, the first radio signal 1s related to the first
signaling; when the value of the second field of the second
signaling 1s unequal to the value of the first field of the first
signaling, the first radio signal 1s unrelated to the first
signaling.

Specifically, according to one aspect of the present dis-
closure, comprising;

receiving a first reference signal;

herein, the first field of the first signaling and the second

field of the second signaling are jointly used for deter-
mining that the first radio signal 1s related to the first
signaling; the first signaling 1s used for determining
second-type scheduling information of the first refer-
ence signal; the first reference signal comprises P first
sub-signal(s), the P first sub-signal(s) 1s(are) transmit-
ted respectively by P first-type antenna port(s); the first
radio signal comprises K radio sub-signal(s), the K
radio sub-signal(s) 1s(are) transmitted respectively by
K second-type antenna port(s); multi-antenna related
processing(s) of K first sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related pro-
cessing(s) of the K radio sub-signal(s), the K first
sub-signal(s) 1s(are) a subset of the P first sub-signal(s),
P 1s a positive iteger, K 1s a positive integer no greater
than the P.

In one embodiment, the second signaling 1s used for
determining the K first sub-signal(s) out of the P first
sub-signal(s).

In one embodiment, the first reference signal 1s a Sound-
ing Reference Signal (SRS).

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that multi-antenna related
transmission(s) of the K first sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related transmis-
sion(s) of the K radio sub-signal(s), the executing 1s receiv-
ing.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that multi-antenna related
reception(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related transmission(s)
of the K radio sub-signal(s), the executing 1s transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that multi-antenna related
reception(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related reception(s) of
the K radio sub-signal(s), the executing 1s receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K first sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) means that multi-antenna related
transmission(s) of the K first sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related
reception(s) of the K radio sub-signal(s), the executing 1s
transmitting.
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Specifically, according to one aspect of the present dis-
closure, comprising:

transmitting a second reference signal;

herein, the first field of the first signaling and the second

field of the second signaling are jointly used for deter-
mining that the first radio signal 1s related to the first
signaling; the first signaling 1s used for determining
third-type scheduling information of the second refer-
ence signal; the second reference signal comprises (@
second sub-signal(s), the QQ second sub-signal(s) 1s(are)
respectively transmitted by Q third-type antenna
port(s); the first radio signal comprises K radio sub-
signal(s), the K radio sub-signal(s) 1s(are) transmitted
respectively by K second-type antenna port(s); multi-
antenna related processing(s) of K second sub-signal(s)
1s(are) respectively used for determining multi-antenna
related processing(s) of the K radio sub-signal(s), the K
second sub-signal(s) 1s(are) a subset of the QQ second
sub-signal(s); Q 1s a positive mteger, K 1s a positive
integer no greater than the Q.

In one embodiment, the second signaling 1s used for
determining the K second sub-signal(s) out of the Q second
sub-signal(s).

In one embodiment, the second reference signal includes
Channel State Information-Reference Signal (CSI-RS).

In one embodiment, the phrase that multi-antenna related
processing(s) of the K second sub-signal(s) 1s(are) respec-
tively used 1for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that multi-
antenna related transmission(s) of the K second sub-
signal(s) 1s(are) respectively used for determining multi-
antenna related transmission(s) of the K radio sub-signal(s),
the executing 1s transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) ol the K second sub-signal(s) 1s(are) respec-
tively used dfor determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that multi-
antenna related reception(s) of the K second sub-signal(s)
1s(are) respectively used for determining multi-antenna
related transmission(s) of the K radio sub-signal(s), the
executing 1s receiving.

In one embodiment, the phrase that multi-antenna related
processing(s) of the K second sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that multi-
antenna related reception(s) of the K second sub-signal(s)
is(are) respectively used for determining multi-antenna
related reception(s) of the K radio sub-signal(s), the execut-
ing 1s transmitting.

In one embodiment, the phrase that multi-antenna related
processing(s) ol the K second sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related
processing(s) of the K radio sub-signal(s) means that multi-
antenna related transmission(s) of the K second sub-
signal(s) 1s(are) respectively used for determining multi-
antenna related reception(s) of the K radio sub-signal(s), the
executing 1s receiving.

Specifically, according to one aspect of the present dis-
closure, comprising:

recerving uplink information;

herein, the uplink information 1s used for determining K1

second sub-signal(s), the K1 second sub-signal(s)
is(are) a subset of the QQ second sub-signal(s), the K
second sub-signal(s) 1s(are) a subset of the K1 second
sub-signal(s), K1 1s a positive iteger no greater than

the Q and no less than the K.
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In one embodiment, the uplink information includes
Uplink Control Information (UCI).

Specifically, according to one aspect of the present dis-
closure, comprising;

transmitting first downlink information;

herein, the first downlink information 1s used for deter-

mining T1 piece(s) of second-type scheduling informa-
tion, the second-type scheduling information of the first
reference signal 1s one of the T1 piece(s) of second-type
scheduling information, T1 1s a positive integer.

Specifically, according to one aspect of the present dis-
closure, comprising;

transmitting second downlink information;

herein, the second downlink information 1s used for

determining T2 piece(s) of third-type scheduling infor-
mation, the third-type scheduling information of the
second reference signal 1s one of the T2 piece(s) of
third-type scheduling information, T2 1s a positive
integer.

Specifically, according to one aspect of the present dis-
closure, wherein the first field of the first signaling 1s used
for 1dentitying the first reference signal.

Specifically, according to one aspect of the present dis-
closure, wherein the first field of the first signaling 1s used
for 1dentifying the second reference signal.

Specifically, according to one aspect of the present dis-
closure, wherein the first signaling 1s used for determining at
least one of fourth-type scheduling information of the first
radio signal or fifth-type scheduling information of the
second signaling.

The present disclosure provides a UE for wireless com-
munication, comprising:

a first recerver, receiving a lirst signaling and a second

signaling; and

a first processor, operating a first radio signal;

herein, the first signaling comprises a first field, the

second signaling comprises a second field; the second
signaling comprises first-type scheduling information
of the first radio signal; the first field of the first
signaling and the second field of the second signaling
are jointly used for determining whether the first radio
signal 1s related to the first signaling; the operating 1s
receiving, or the operating 1s transmitting.

In one embodiment, the above UE for wireless commu-
nication 1s characterized in that when a value of the second
field of the second signaling 1s equal to a value of the first
field of the first signaling, the first radio signal 1s related to
the first signaling; when the value of the second field of the
second signaling 1s unequal to the value of the first field of
the first signaling, the first radio signal 1s unrelated to the
first signaling.

In one embodiment, the above UE for wireless commu-
nication 1s characterized in that the first processor also
transmits a first reference signal. Herein, the first field of the
first signaling and the second field of the second signaling
are jointly used for determining that the first radio signal 1s
related to the first signaling; the first signaling 1s used for
determining second-type scheduling information of the first
reference signal; the first reference signal comprises P first
sub-signal(s), the P first sub-signal(s) 1s(are) transmitted
respectively by P first-type antenna port(s); the first radio
signal comprises K radio sub-signal(s), the K radio sub-
signal(s) 1s(are) transmitted respectively by K second-type
antenna port(s); multi-antenna related processing(s) of K
first sub-signal(s) 1s(are) respectively used for determining
multi-antenna related processing(s) of the K radio sub-
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signal(s), the K first sub-signal(s) 1s(are) a subset of the P
first sub-signal(s); P 1s a positive imteger, K 1s a positive
integer no greater than the P.

In one embodiment, the above UE for wireless commu-
nication 1s characterized in that the first processor also
receives a second reference signal. Herein, the first field of
the first signaling and the second field of the second signal-
ing are jointly used for determining that the first radio signal
1s related to the first signaling; the first signaling 1s used for
determining third-type scheduling information of the second
reference signal; the second reference signal comprises
second sub-signal(s), the Q second sub-signal(s) is(are)
respectively transmitted by Q third-type antenna port(s); the
first radio signal comprises K radio sub-signal(s), the K
radio sub-signal(s) 1s(are) transmitted respectively by K
second-type antenna port(s); multi-antenna related process-
ing(s) of K second sub-signal(s) 1s(are) respectively used for
determining multi-antenna related processing(s) of the K
radio sub-signal(s), the K second sub-signal(s) 1s(are) a
subset of the Q second sub-signal(s); QQ 1s a positive integer,
K 1s a positive integer no greater than the Q.

In one embodiment, the above UE for wireless commu-
nication 1s characterized in that the first processor also
transmits uplink information. Herein, the uplink information
1s used for determiming K1 second sub-signal(s), the K1
second sub-signal(s) 1s(are) a subset of the Q second sub-
signal(s), and the K second sub-signal(s) 1s(are) a subset of
the K1 second sub-signal(s), the K1 1s a positive integer no
greater than the Q and no less than the K.

In one embodiment, the above UE for wireless commu-
nication 1s characterized in that the first receiver also
receives first downlink information. Herein, the first down-
link information 1s used for determining T1 piece(s) of
second-type scheduling information, the second-type sched-
uling information of the first reference signal 1s one of the T1
piece(s) ol second-type scheduling information, T1 1s a
positive integer.

In one embodiment, the above UE for wireless commu-
nication 1s characterized in that the first receiver also
recetves second downlink information. Herein, the second
downlink information 1s used for determining 12 piece(s) of
third-type scheduling information, the third-type scheduling
information of the second reference signal 1s one of the T2
piece(s) of third-type scheduling information, T2 1s a posi-
tive integer.

In one embodiment, the above UE for wireless commu-
nication 1s characterized in that the first field of the first
signaling 1s used for 1dentitying the first reference signal.

In one embodiment, the above UE for wireless commu-
nication 1s characterized in that the first field of the first
signaling 1s used for identifying the second reference signal.

In one embodiment, the above UE for wireless commu-
nication 1s characterized in that the first signaling 1s used for
determining at least one of fourth-type scheduling informa-
tion of the first radio signal or fifth-type scheduling infor-
mation of the second signaling.

In one embodiment, the first processor includes a trans-
celver.

In one embodiment, the first processor includes a trans-
mitter.

In one embodiment, the first processor includes a recerver.

The present disclosure provides a base station for wireless
communication, comprising:

a lirst transmitter, transmitting a first signaling and a

second signaling; and

a second processor, executing a first radio signal;
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herein, the first signaling comprises a first field, the
second signaling comprises a second field; the second
signaling comprises lirst-type scheduling information
of the first radio signal; the first field of the first
signaling and the second field of the second signaling
are jointly used for determiming whether the first radio
signal 1s related to the first signaling; the executing 1s
transmitting, or the executing 1s receiving.

In one embodiment, the above base station for wireless
communication 1s characterized in that when a value of the
second field of the second signaling 1s equal to a value of the
first field of the first signaling, the first radio signal 1s relate
to the first signaling; when the value of the second field of
the second signaling 1s unequal to the value of the first field
of the first signaling, the first radio signal 1s unrelated to the
first signaling.

In one embodiment, the above base station for wireless
communication 1s characterized in that the second processor
also recetrves a first reference signal. Herein, the first field of
the first signaling and the second field of the second signal-
ing are jointly used for determining that the first radio signal
1s related to the first signaling; the first signaling 1s used for
determining second-type scheduling information of the first
reference signal; the first reference signal comprises P first
sub-signal(s), the P first sub-signal(s) is(are) transmitted
respectively by P first-type antenna port(s); the first radio
signal comprises K radio sub-signal(s), the K radio sub-
signal(s) 1s(are) transmitted respectively by K second-type
antenna port(s); multi-antenna related processing(s) of K
first sub-signal(s) 1s(are) respectively used for determining
multi-antenna related processing(s) of the K radio sub-
signal(s), the K first sub-signal(s) is(are) a subset of the P
first sub-signal(s); P 1s a positive mteger, K 1s a positive
integer no greater than the P.

In one embodiment, the above base station for wireless
communication 1s characterized 1n that the second processor
also transmits a second reference signal. Herein, the first
field of the first signaling and the second field of the second
signaling are jointly used for determining that the first radio
signal 1s related to the first signaling; the first signaling 1s
used for determining third-type scheduling information of
the second reference signal; the second reference signal
comprises (Q second sub-signal(s), the Q second sub-
signal(s) 1s(are) respectively transmitted by Q third-type
antenna port(s); the first radio signal comprises K radio
sub-signal(s), the K radio sub-signal(s) 1s(are) transmitted
respectively by K second-type antenna port(s); multi-an-
tenna related processing(s) of K second sub-signal(s) 1s(are)
respectively used for determining multi-antenna related pro-
cessing(s) of the K radio sub-signal(s), the K second sub-
signal(s) 1s(are) a subset of the Q second sub-signal(s); Q 1s
a positive integer, K 1s a positive integer no greater than the
Q.

In one embodiment, the above base station for wireless
communication 1s characterized 1n that the second processor
also receives uplink information. Herein, the uplink infor-
mation 1s used for determining K1 second sub-signal(s), the
K1 second sub-signal(s) i1s(are) a subset of the Q second
sub-signal(s), the K second sub-signal(s) 1s(are) a subset of
the K1 second sub-signal(s), K1 1s a positive integer no
greater than the Q and no less than the K.

In one embodiment, the above base station for wireless
communication is characterized in that the first transmitter
also transmits first downlink information. Herein, the first
downlink information is used for determining T1 piece(s) of
second-type scheduling information, the second-type sched-
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uling information of the first reference signal 1s one of the T1
piece(s) ol second-type scheduling information, T1 1s a
positive integer.

In one embodiment, the above base station for wireless
communication 1s characterized in that the first transmitter
also transmits second downlink information. Herein, the
second downlink information 1s used for determining 12
piece(s) of third-type scheduling information, the third-type
scheduling information of the second reference signal 1s one
of the T2 piece(s) of third-type scheduling information, T2
1S a positive integer.

In one embodiment, the above base station for wireless
communication 1s characterized in that the first field of the
first signaling 1s used for identifying the first reference
signal.

In one embodiment, the above base station for wireless
communication 1s characterized in that the first field of the
first signaling 1s used for identiiying the second reference
signal.

In one embodiment, the above base station for wireless
communication 1s characterized 1n that the first signaling 1s
used for determining at least one of fourth-type scheduling
information of the first radio signal or fifth-type scheduling
information of the second signaling.

In one embodiment, the second processor includes a
transceiver.

In one embodiment, the second processor includes a
transmitter.

In one embodiment, the second processor includes a
receiver.

In one embodiment, the present disclosure i1s advanta-
geous over conventional schemes 1n the following aspects:

Avoilding any potential misunderstanding or confusion
that may arise from citation of a certain reference signal
when the UE 1s scheduled to transmit or measure a plurality
of reference signals, especially when the reference signals
are aperiodic.

Allowing the UE to optimize multi-antenna related pro-
cessing on uplink or downlink data through multi-antenna
related measurement on reference signals or transmitting
information, thus improving the data transmission quality.

In the case of reciprocity between uplink and downlink
channels, utilizing the channel reciprocity to reduce the
overhead for reference signals, signaling(s) and feedback.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features, objects and advantages ol the present
disclosure will become more apparent from the detailed
description of non-restrictive embodiments taken 1 con-
junction with the following drawings:

FIG. 1 illustrates a flowchart of a first signaling, a second
signaling and a first radio signal according to one embodi-
ment of the present disclosure.

FIG. 2 illustrates a schematic diagram of a network
architecture according to one embodiment of the present
disclosure.

FIG. 3 illustrates a schematic diagram of an example of a
radio protocol architecture ol a user plane and a control
plane according to one embodiment of the present disclo-
sure.

FIG. 4 1llustrates a schematic diagram of an eNode and a
UE according to one embodiment of the present disclosure.

FIG. 5 1llustrates a flowchart of a wireless transmission
according to one embodiment of the present disclosure.

FIG. 6 1llustrates a flowchart of a wireless transmission
according to another embodiment of the present disclosure.
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FIG. 7 1llustrates a flowchart of a wireless transmission
according to another embodiment of the present disclosure.

FIG. 8 illustrates a flowchart of a wireless transmission
according to another embodiment of the present disclosure.

FIG. 9 1llustrates a schematic diagram of a first signaling,
and a second signaling according to one embodiment of the
present disclosure.

FIG. 10 1illustrates a schematic diagram of relation(s)
between K first sub-signal(s) and P f{first sub-signal(s)
according to one embodiment of the present disclosure.

FIG. 11 illustrates a schematic diagram of relation(s)
between K second sub-signal(s) and Q second sub-signal(s)
according to one embodiment of the present disclosure.

FI1G. 12 1llustrates a structure block diagram of a process-
ing device mn a UE according to one embodiment of the
present disclosure.

FI1G. 13 1llustrates a structure block diagram of a process-
ing device 1n a base station according to one embodiment of
the present disclosure.

DESCRIPTION OF TH.

EMBODIMENTS

(L
1]

Embodiment 1

Embodiment 1 illustrates a flowchart of a first signaling,
a second signaling and a first radio signal, as shown 1n FIG.
1.

In Embodiment 1, the UE in the present disclosure
receives a first signaling and then a second signaling, and
operated a first radio signal. Herein, the first signaling
comprises a first field, the second signaling comprises a
second field; the second signaling comprises first-type
scheduling information of the first radio signal; the first field
of the first signaling and the second field of the second
signaling are jointly used for determiming whether the first
radio signal 1s related to the first signaling; the operating 1s
receiving, or the operating 1s transmitting.

In one subembodiment, the first signaling 1s a physical
layer signaling.

In one subembodiment, the second signaling 1s a physical
layer signaling.

In one subembodiment, the first signaling 1s a dynamic
signaling.

In one subembodiment, the second signaling 1s a dynamic
signaling.

In one subembodiment, the first signaling and the second
signaling are physical layer signalings, respectively.

In one subembodiment, the first signaling and the second
signaling are dynamic signalings, respectively.

In one subembodiment, the first field and the second field
are respectively composed of a positive integer number of
bits.

In one subembodiment, a number of bits comprised 1n the
first field 1s the same as a number of bits comprised in the
second field.

In one subembodiment, when a value of the second field
of the second signaling 1s equal to a value of the first field
of the first signaling, the first radio signal 1s related to the
first signaling; when the value of the second field of the
second signaling 1s unequal to the value of the first field of
the first signaling, the first radio signal 1s unrelated to the
first signaling.

In one subembodiment, the first signaling 1s a last physical
layer signaling received before the second signaling which
comprises the first field.
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In one subembodiment, the first signaling 1s a last physical
layer signaling received before the second signaling which
may be used for determining the first radio signal.

In one subembodiment, the physical layer signaling 1s
DCI.

In one subembodiment, the first signaling 1s a dynamic
signaling for UpLink Grant.

In one subembodiment, the first signaling 1s a dynamic
signaling for DownLink Grant.

In one subembodiment, the second signaling 1s a dynamic
signaling for UpLink Grant, the operating 1s transmitting.

In one subembodiment, the second signaling 1s a dynamic
signaling for DownLink Grant, the operating 1s receiving.

In one subembodiment, the first-type scheduling informa-
tion 1ncludes at least one of occupied time domain resources,
occupied frequency domain resources, an MCS, a HARQ
process number, an RV, an NDI, an occupied antenna port,
a corresponding transmit beamiorming vector, a correspond-
Ing receive beamiorming vector, a corresponding transmit
spatial filtering, or a corresponding receive spatial filtering.

In one subembodiment, the phrase that the first radio
signal 1s related to the first signaling means that at least one
of an antenna port occupied by the first radio signal, a
transmit beamforming vector corresponding to the first radio
signal, a receive beamforming vector corresponding to the
first radio signal, a transmit spatial filtering corresponding to
the first radio signal or a recerve spatial filtering correspond-
ing to the first radio signal 1s related to the first signaling.

In one subembodiment, the phrase that the first radio
signal 1s related to the first signaling means that the first
signaling 1s used for determining at least one of an antenna
port occupied by the first radio signal, a transmit beamiorm-
ing vector corresponding to the first radio signal, a receive
beamiorming vector corresponding to the first radio signal,
a transmit spatial filtering corresponding to the first radio
signal or a receive spatial filtering corresponding to the first
radio signal.

In one subembodiment, the phrase that the first radio
signal 1s related to the first signaling means that time-
frequency resources occupied by the first radio signal are
related to the first signaling.

In one subembodiment, the phrase that the first radio
signal 1s related to the first signaling means that the first
signaling 1s used for determining time-frequency resources
occupied by the first radio signal.

In one subembodiment, the first signaling 1s transmitted
on a downlink physical layer control channel (i.e., a down-
link channel only capable of carrying a physical layer
signaling).

In one subembodiment, the second signaling is transmit-
ted on a downlink physical layer control channel (1.e., a
downlink channel only capable of carrying a physical layer
signaling).

In one subembodiment, the first signaling 1s a MAC CE
signaling.

In one subembodiment, the first signaling 1s a higher layer
signaling.

In one subembodiment, the first signaling 1s an RRC
signaling.

In one subembodiment, the first signaling 1s transmitted
on a downlink physical layer data channel (i.e., a downlink
channel capable of carrying physical layer data).

In one subembodiment, the first radio signal 1s transmitted
on an uplink physical layer data channel (i.e., an uplink
channel capable of carrying physical layer data), the oper-
ating 1s transmitting.
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In one subembodiment, the first radio signal 1s transmitted
on a downlink physical layer data channel (i.e., a downlink
channel capable of carrying physical layer data), the oper-
ating 1s receiving.

Embodiment 2

Embodiment 2 illustrates a schematic diagram of a net-
work architecture, as shown in FIG. 2.

FI1G. 2 1s a diagram 1llustrating a network architecture 200
of Long-Term Evolution (LTE), Long-Term Evolution
Advanced (LTE-A) and future 3G systems. The LTE net-
work architecture 200 may be called an Evolved Packet
System (EPS) 200. The EPS 200 may comprise one or more
UEs 201, an E-UTRAN-NR 202, a 5G-CoreNetwork/
Evolved Packet Core (3G-CN/EPC) 210, a Home Subscriber
Server (HSS) 220 and an Internet Service 230. Herein,
UMTS refers to Universal Mobile Telecommunications Sys-
tem. The EPS 200 may be interconnected with other access
networks. For simple description, the entities/interfaces are
not shown. As shown 1n FIG. 2, the EPS 200 provides packet
switching services. Those skilled 1n the art will find 1t easy
to understand that various concepts presented throughout the

present disclosure can be extended to networks providing
circuit switching services. The E-UTRAN-NR 202 com-

prises an NR node B (gNB) 203 and other gNBs 204. The
gNB 203 provides UE 201-oriented user plane and control
plane protocol terminations. The gNB 203 may be associ-
ated with other gNBs 204 via an X2 interface (for example,
backhaul). The gNB 203 may be called a base station, a base
transcelver station, a radio base station, a radio transceiver,
a transceiver lunction, a Base Service Set (BSS), an
Extended Service Set (ESS), a Transmitter Receiver Point
(TRP) or some other applicable terms. The gNB 203 pro-
vides an access point of the 5G-CN/EPC 210 for the UE 201.
Examples of UE 201 include cellular phones, smart phones,
Session Initiation Protocol (SIP) phones, laptop computers,
Personal Digital Assistant (PDA), Satellite Radios, Global
Positioning Systems (GPSs), multimedia devices, video
devices, digital audio players (for example, MP3 players),
cameras, games consoles, unmanned aerial vehicles, air
vehicles, narrow-band physical network equipment,
machine-type commumnication equipment, land wvehicles,
automobiles, wearables, or any other devices having similar
functions. Those skilled 1n the art also can call the UE 201
a mobile station, a subscriber station, a mobile unit, a
subscriber unit, a wireless unit, a remote unit, a mobile
device, a wireless device, a radio communication device, a
remote device, a mobile subscriber station, an access termi-
nal, a mobile terminal, a wireless terminal, a remote termi-
nal, a handset, a user proxy, a mobile client, a client or some

other appropriate terms. The gNB 203 1s associated with the
SG-CN/EPC 210 via an S1 interface. The SG-CN/EPC 210

comprises an MME 211, other MMES 214, a Service
Gateway (S-GW) 212 and a Packet Date Network Gateway
(P-GW) 213. The MME 211 1s a control node for processing,
a signaling between the UE 201 and the SG-CN/EPC 210.
Generally, the MME 211 provides bearer and connection

management. All user Internet Protocol (IP) packets are
transmitted through the S-GW 212, the S-GW 212 1s asso-

ciated with the P-GW 213. The P-GW 213 provides UE IP
address allocation and other functions. The P-GW 213 1s
associated with the Internet Service 230. The Internet Ser-
vice 230 comprises operator-compatible IP services, specifi-
cally including Internet, Intranet, IP Multimedia Subsystem

(IMS) and Packet Switching Streaming Services (PSSs).
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In one subembodiment, the UE 201 corresponds to the UE
in the present disclosure.

In one subembodiment, the gNB 203 corresponds to the
base station in the present disclosure.

Embodiment 3

Embodiment 3 illustrates a schematic diagram of an
example of a radio protocol architecture of a user plane and
a control plane, as shown 1n FIG. 3.

FIG. 3 15 a schematic diagram 1llustrating a radio protocol
architecture of a user plane and a control plane. In FIG. 3,
the radio protocol architecture for a UE and a gNB 1s
represented by three layers, which are a layer 1, a layer 2 and
a layer 3, respectively. The layer 1 (LL1) 1s the lowest layer
and performs signal processing functions of various PHY
layers. The L1 1s called PHY 301 1n the present disclosure.
The layer 2 (LL2) 305 1s above the PHY 301, and 1s 1n charge
of the link between the UE and the gNB via the PHY 301.

In the user plane, L2 305 comprises a Medium Access
Control (MAC) sublayer 302, a Radio Link Control (RLC)

sublayer 303 and a Packet Data Convergence Protocol
(PDCP) sublayer 304. All the three sublayers terminate at
the gNBs of the network side. Although not described in
FIG. 3, the UE may comprise several higher layers above the
[.2 305, such as a network layer (1.e., IP layer) terminated at
a P-GW 213 of the network side and an application layer
terminated at the other side of the connection (1.e., a peer
UE, a server, etc.). The PDCP sublayer 304 provides mul-
tiplexing among variable radio bearers and logical channels.
The PDCP sublayer 304 also provides a header compression
for a igher-layer packet so as to reduce a radio transmission
overhead. The PDCP sublayer 304 provides security by
encrypting a packet and provides support for UE handover
between gNBs. The RLC sublayer 303 provides segmenta-
tion and reassembling of a higher-layer packet, retransmis-
sion ol a lost packet, and reordering of a packet so as to
compensate the disordered receiving caused by HARQ. The
MAC sublayer 302 provides multiplexing between a logical
channel and a transport channel. The MAC sublayer 302 is
also responsible for allocating between UEs various radio
resources (1.e., resource blocks) 1n a cell. The MAC sublayer
302 1s also 1n charge of HARQ operation. In the control
plane, the radio protocol architecture of the UE and the gNB
1s almost the same as the radio protocol architecture 1n the
user plane on the PHY 301 and the L2 305, but there 1s no
header compression for the control plane. The control plane
also comprises a Radio Resource Control (RRC) sublayer
306 1n the layer 3 (LL3). The RRC sublayer 306 1s responsible
for acquiring radio resources (1.e., radio bearer) and config-
uring the lower layer using an RRC signaling between the
gNB and the UE.

In one subembodiment, the radio protocol architecture 1n
FIG. 3 1s applicable to the UE 1n the present disclosure.

In one subembodiment, the radio protocol architecture 1n
FIG. 3 1s applicable to the base station in the present
disclosure.

In one subembodiment, the first signaling in the present
disclosure 1s generated by the PHY 301.

In one subembodiment, the second signaling 1n the pres-
ent disclosure 1s generated by the PHY 301.

In one subembodiment, the first radio signal 1n the present
disclosure 1s generated by the PHY 301.

In one subembodiment, the first reference signal in the
present disclosure 1s generated by the PHY 301.

In one subembodiment, the second reference signal in the
present disclosure 1s generated by the PHY 301.
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In one subembodiment, the uplink information in the
present disclosure 1s generated by the PHY 301.

In one subembodiment, the first downlink information i1n
the present disclosure 1s generated by the RRC sublayer 306.
In one subembodiment, the second downlink information

in the present disclosure 1s generated by the RRC sublayer
306.

Embodiment 4

Embodiment 4 illustrates a schematic diagram of an
eNode and a UE, as shown 1n FIG. 4.

FIG. 4 1s a block diagram of a gNB 410 in communication
with UE 450 i an access network. In Downlink (DL)
transmission, a higher layer packet from a core network 1s
provided to a controller/processor 475. The controller/pro-
cessor 475 implements the functionality of the L2 layer. In
DL transmission, the controller/processor 475 provides
header compression, encrypting, packet segmentation and
reordering, multiplexing between a logical channel and a
transport channel, and radio resource allocation for the UE
450 based on various priorities. The controller/processor
475 1s also 1n charge of HARQ operation, retransmission of
a lost packet, and a signaling to the UE 450. A transmitting
processor 416 performs signal processing functions used for
the L1 layer (that 1s, PHY). The signal processing functions
include decoding and interleaving, so as to ensure a Forward
Error Correction (FEC) at the UE 450 side and the mapping
to signal clusters corresponding to each modulation scheme
(1.e., BPSK, QPSK, M-PSK, and M-QAM). The decoded
and modulated signals are divided into parallel streams.
Each of the parallel streams 1s mapped into multi-carrier
subcarriers to be multiplexed with a reference signal (1.e.,
pilot frequency) in time domain and/or frequency domain,
and then they are assembled through Inverse Fast Fourier
Transtorm (IFFT) to generate a physical channel carrying
time-domain multi-carrier symbol streams. The multi-carrier
symbol streams are subjected to spatial precoding to gener-
ate multiple spatial streams. Each spatial stream 1s provided
to diflerent antennas 420 wvia the transmitter 418. Each
transmitter 418 modulates a Radio Frequency (RF) carrier
using a corresponding spatial stream for transmitting. At the
UE 450 side, every receiver 454 receives a signal via a
corresponding antenna 452. Fach receiver 454 recovers
information modulated onto the RF carrier and provides the
information to a receiving processor 456. The receiving
processor 456 provides signal processing functions of the L1
layer. The recerving processor 456 performs spatial process-
ing on the information to recover any UE 450-targeted
spatial stream. When a plurality of spatial streams are
targeted at the UE 4350, then these spatial streams can be
assembled 1nto a single multicarrier symbol stream by the
receiving processor 436. The receiving processor 456 then
converts the multi-carrier symbol stream from time domain
into frequency domain using FFT. A frequency domain
signal includes a single multi-carrier symbol stream of each
subcarrier used for multi-carrier signals. The symbols and
reference signal on each subcarrier are recovered and
demodulated by determining the most possible signal cluster
point transmitted by the gNB 410, and a soit decision 1s
generated. The soft decision 1s then decoded and de-inter-
leaved so as to recover the data and control signal originally
transmitted by the gNB 410 on the physical channel. The
data and control signal are then provided to a controller/
processor 459. The controller/processor 459 performs func-
tions of the L2 layer. The controller/processor can be asso-
ciated with a memory 460 that stores program code and data.
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The memory 460 1s a computer readable medium. In DL, the
controller/processor 459 provides demultiplexing between a
transport channel and a logical channel, packet reassem-
bling, decryption, header decompression and control signal
processing so as to recover a higher-layer packet from the
core network. The higher-layer packet 1s later provided to all
protocol layers above the L2 layer, or various control signals
can be provided to the L3 layer for processing. The con-
troller/processor 459 also performs error detection using

ACK and/or NACK protocols as a way to support HARQ
operation. In uplink (UL) transmaission, at the UE 450, the
data source 467 1s configured to provide a higher-layer
packet to the controller/processor 459. The data source 467
represents all protocol layers above the L2 layer. Similar to
a transmitting function of the gNB 410 described in DL
transmission, the controller/processor 439 performs header
compression, encryption, packet segmentation and reorder-
ing, and multiplexing between a logical channel and a
transport channel based on radio resource allocation of the
gNB 410 so as to provide the L2 layer functions used for the
user plane and the control plane. The controller/processor
4359 1s also responsible for HARQ operation, retransmission
of a lost packet, and a signaling to the gNB 410. The
transmitting processor 468 selects an appropriate coding and
modulation scheme to promote spatial processing. Spatial
streams generated by the transmitting processor 468 are
provided to different antennas 452 by a singular transmitter
454. BEach transmitter 454 modulates an RF with a corre-
sponding spatial stream for transmitting. The transmitting
function of the gNB 410 1n UL transmaission 1s similar to the
function of the receiver at the UE 450. Each receiver 418
receives a signal via a corresponding antenna 420. FEach
receiver 418 recovers mformation modulated onto the RF
carrier and then provides the information to a receiving
processor 470. The receiving processor 470 implements L1
layer functionality. The controller/processor 475 implements
the L2 layer functionality. The controller/processor 475 can
be associated with a memory 476 that stores program code
and data. The memory 476 can be called a computer
readable medium. In UL, the controller/processor 475 pro-
vides a demultiplexing between a transport channel and a
logical channel, packet reassembling, decrypting, header
decompression, and control signal processing so as to
recover a higher-layer packet from the UE 450. The higher-
layer packet from the controller/processor 475 can be pro-
vided to the core network. The controller/processor 475 1s
also 1n charge of error detection using ACK and/or NACK
protocols to support HARQ operation.

In one subembodiment, the UE 450 comprises at least one
processor and at least one memory. The at least one memory
includes computer program codes. The at least one memory
and the computer program codes are configured to be used
in collaboration with the at least one processor.

In one subembodiment, the UE 450 comprises a memory
that stores a computer readable instruction program. The
computer readable instruction program generates an action
when executed by at least one processor. The action
includes: receiving the first signaling in the present disclo-
sure, receiving the second signaling 1n the present disclo-
sure, transmitting the first radio signal in the present disclo-
sure, and receiving the first radio signal.

In one subembodiment, the gNB 410 comprises at least
one processor and at least one memory. The at least one
memory includes computer program codes. The at least one
memory and the computer program codes are configured to
be used 1n collaboration with the at least one processor.
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In one subembodiment, the gNB 410 comprises a memory
that stores a computer readable instruction program. The
computer readable 1nstruction program generates an action
when executed by at least one processor. The action
includes: transmitting the first signaling, transmitting the
second signaling, receiving the first radio signal and trans-
mitting the first radio signal.

In one subembodiment, the UE 450 corresponds to the U.
in the present disclosure.

In one subembodiment, the gNB 410 corresponds to the
base station in the present disclosure.

In one subembodiment, at least one of the transmitting
processor 416 or the controller/processor 475 1s used for
transmitting the first signaling in the present disclosure,
while at least one of the receiving processor 456 or the
controller/processor 439 1s used for receiving the first sig-
naling 1n the present disclosure.

In one subembodiment, at least one of the transmitting
processor 416 or the controller/processor 475 1s used for
transmitting the second signaling 1n the present disclosure,
while at least one of the receiving processor 456 or the
controller/processor 439 1s used for receiving the second
signaling in the present disclosure.

In one subembodiment, at least one of the transmitting
processor 416 or the controller/processor 475 1s used for
transmitting the first radio signal in the present disclosure,
while at least one of the receiving processor 456 or the
controller/processor 459 1s used for receiving the first radio
signal 1n the present disclosure.

In one subembodiment, at least one of the transmitting
processor 468 or the controller/processor 439 1s used for
transmitting the first radio signal in the present disclosure,
while at least one of the receiving processor 470 or the
controller/processor 473 1s used for receiving the first radio
signal 1n the present disclosure.

In one subembodiment, at least one of the transmitting
processor 468 or the controller/processor 459 i1s used for
transmitting the first reference signal 1n the present disclo-
sure, while at least one of the receiving processor 470 or the
controller/processor 475 1s used for receiving the first ret-
erence signal 1n the present disclosure.

In one subembodiment, at least one of the transmitting
processor 416 or the controller/processor 475 1s used for
transmitting the second reference signal in the present
disclosure, while at least one of the receiving processor 456
or the controller/processor 459 1s used for receiving the
second reference signal in the present disclosure.

In one subembodiment, at least one of the transmitting
processor 468 or the controller/processor 459 i1s used for
transmitting the uplink information in the present disclosure,
while at least one of the receiving processor 470 or the
controller/processor 475 1s used for receiving the uplink
information in the present disclosure.

In one subembodiment, at least one of the transmitting
processor 416 or the controller/processor 475 1s used for
transmitting the first downlink information in the present
disclosure, while at least one of the receiving processor 456
or the controller/processor 459 1s used for receiving the first
downlink information in the present disclosure.

In one subembodiment, at least one of the transmitting
processor 416 or the controller/processor 475 1s used for
transmitting the second downlink information 1n the present
disclosure, while at least one of the receiving processor 456
or the controller/processor 459 1s used for receiving the

second downlink 1information 1n the present disclosure.

(L]

Embodiment 5

Embodiment 5 illustrates a flowchart of a wireless trans-
mission, as shown in FIG. 5. In FIG. 5, a base station N1 1s
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a maintenance base station for a serving cell of a UE U2. In
FIG. 5, steps 1n box F1 and box F2 are optional, respectively.
The N1 transmuts first downlink information 1n step S101;
transmits a first signaling 1 step S11; receives a first
reference signal in step S102; transmits a second signaling
in step S12; and receives a first radio signal 1n step S13.

The U2 recerves first downlink information 1n step S201;
receives a first signaling 1n step S21; transmits a {first
reference signal 1n step S202; recerves a second signaling in
step S22; and transmits a first radio signal in step S23.

In Embodiment 35, the first signaling comprises a first
field, the second signaling comprises a second field; the
second signaling comprises first-type scheduling informa-
tion of the first radio signal; the first field of the first
signaling and the second field of the second signaling are
jointly used by the U2 for determining whether the first radio
signal 1s related to the first signaling. The first signaling 1s
used by the U2 for determiming second-type scheduling
information of the first reference signal; the first reference
signal comprises P first sub-signal(s), the P first sub-signal(s)
is(are) transmitted respectively by P first-type antenna
port(s); the first radio signal comprises K radio sub-
signal(s), the K radio sub-signal(s) 1s(are) transmitted
respectively by K second-type antenna port(s). When the
first field of the first signaling and the second field of the
second signaling are jointly used by the U2 for determining,
that the first radio signal 1s related to the first signaling,
multi-antenna related processing(s) of K first sub-signal(s)
is(are) respectively used for determining multi-antenna
related processing(s) of the K radio sub-signal(s), the K first
sub-signal(s) 1s(are) a subset of the P first sub-signal(s); P 1s
a positive 1mteger, K 1s a positive integer no greater than the
P. The first downlink information i1s used by the U2 for
determining 11 piece(s) of second-type scheduling informa-
tion, the second-type scheduling information of the first
reference signal 1s one of the T1 piece(s) of second-type
scheduling information, the 11 1s a positive integer.

In one subembodiment, the first field and the second field
are respectively composed of a positive mteger number of
bits.

In one subembodiment, a number of bits comprised 1n the
first field 1s the same as a number of bits comprised in the
second field.

In one subembodiment, when a value of the second field
of the second signaling 1s equal to a value of the first field
of the first signaling, the first radio signal 1s related to the
first signaling; when the value of the second field of the
second signaling 1s unequal to the value of the first field of
the first signaling, the first radio signal 1s unrelated to the
first signaling.

In one subembodiment, the first signaling 1s a dynamic
signaling used for UpLink Grant.

In one subembodiment, the first signaling 1s a dynamic
signaling used for DownLink Grant.

In one subembodiment, the second signaling 1s a dynamic
signaling used for UpLink Grant.

In one subembodiment, the first radio signal 1s transmitted
on an uplink physical layer data channel (i.e., an uplink
channel capable of carrying physical layer data).

In one subembodiment, the first-type scheduling informa-
tion includes at least one of occupied time domain resources,
occupied frequency domain resources, an MCS, a HARQ
process number, an RV, an NDI, an occupied antenna port,
a corresponding transmit beamiorming vector, a correspond-
ing receive beamiorming vector, a corresponding transmit
spatial filtering, or a corresponding receive spatial filtering.
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In one subembodiment, the first signaling 1s used for
triggering transmission of the first reference signal.

In one subembodiment, the second signaling i1s used by
the U2 for determining the K first sub-signal(s) out of the P
first sub-signal(s).

In one subembodiment, the second signaling indicates an
index of each of the K first sub-signal(s) 1n the P first
sub-signal(s).

In one subembodiment, the first reference signal 1s an
SRS.

In one subembodiment, the second-type scheduling infor-
mation 1includes at least one of occupied time domain
resources, occupied frequency domain resources, occupied
code domain resources, cyclic shift, an OCC, an occupied
antenna port, a corresponding transmit beamforming vector,
a corresponding receive beamiorming vector, a correspond-
ing transmit spatial filtering or a corresponding receive
spatial filtering.

In one subembodiment, K first-type antenna port(s) 1s(are)
a subset of the P first-type antenna port(s), the K first-type
antenna port(s) 1s(are) respectively used for transmitting the
K first sub-signal(s), the K first-type antenna port(s) respec-
tively corresponds(correspond) to the K second-type
antenna port(s).

In one subembodiment, multi-antenna related transmis-
sion(s) of the K first sub-signal(s) 1s(are) respectively used
by the U2 for determining multi-antenna related transmis-
sion(s) of the K radio sub-signal(s).

In one subembodiment, any of the K first-type antenna
port(s) 1s QCL with a corresponding second-type antenna
port.

In one subembodiment, any of the K second-type antenna
port(s) and a corresponding {first-type antenna port corre-
spond to a same beamiorming vector.

In one subembodiment, any of the K second-type antenna
port(s) and a corresponding {first-type antenna port corre-
spond to a same analog beamforming vector.

In one subembodiment, measurement(s) on the K first
sub-signal(s) 1s(are) used by the N1 for determining an MCS
of the first radio signal, the operating 1s transmitting.

In one subembodiment, receiving quality(qualities)
respectively corresponding to the K first sub-signal(s) 1s(are)
used by the N1 for determiming an MCS of the first radio
signal, the operating 1s transmitting.

In one subembodiment, multi-antenna related reception(s)
of the K first sub-signal(s) 1s(are) respectively used by the
N1 for determining multi-antenna related reception(s) of the
K radio sub-signal(s).

In one subembodiment, measurement(s) on the K first
sub-signal(s) 1s(are) respectively used by the N1 for deter-
miming receive beamforming vector(s) of the K radio sub-
signal(s).

In one subembodiment, measurement(s) on the K first
sub-signal(s) 1s(are) respectively used by the N1 for deter-
mining receive analog beamforming vector(s) of the K radio
sub-signal(s).

In one subembodiment, the first reference signal occurs
only once in time domain.

In one subembodiment, the first reference signal occurs
multiple times 1n time domain.

In one subembodiment, the first signaling 1s used by the
U2 for determining second-type scheduling imformation of
the first reference signal out of the T1 piece(s) of second-
type scheduling mformation.

In one subembodiment, the first field of the first signaling
1s used for identitying the first reference signal.
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In one subembodiment, the first signaling 1s used by the
U2 for determining at least one of fourth-type scheduling

information of the first radio signal or fifth-type scheduling
information of the second signaling.

In one subembodiment, the fourth-type scheduling infor-
mation belongs to a target mmformation set, the first-type
scheduling information belongs to the target information set,
the target information set comprises a positive integer num-
ber of piece(s) of information; any piece of information in
the target information set 1s and can only be one of the
first-type scheduling information or the fourth-type sched-
uling information, the target information set comprises at
least two of occupied time domain resources, occupied
frequency domain resources, an MCS, a HARQ process
number, an RV, an NDI, an occupied antenna port, a corre-
sponding transmit beamiforming vector, a corresponding
receive beamiorming vector, a corresponding transmit spa-
tial filtering, or a corresponding receive spatial filtering.

In one subembodiment, the fifth-type scheduling infor-
mation includes at least one of occupied time domain
resources, occupied frequency domain resources, a number
of information bits comprised, an i1dentifying integer, an
occupied antenna port, a corresponding transmit beamforms-
ing vector, a corresponding receive beamiforming vector, a
corresponding transmit spatial filtering, or a corresponding
receive spatial filtering.

In one subembodiment, the i1dentifying integer 1s an
RNTI.

Embodiment 6

Embodiment 6 1illustrates a flowchart of a wireless trans-
mission, as shown in FIG. 6. In FIG. 6, a base station N3 1s
a maintenance base station for a serving cell of the UE U4.
In FIG. 6, steps 1n box F3 and F4 are optional, respectively.

The N3 transmuts first downlink information 1n step S301;
transmits a {irst signaling in step S31; receives a first
reference signal 1n step S302; transmits a second signaling
in step S32; and transmits a {first radio signal in step S33.

The U4 receives first downlink information 1n step S401;
receives a first signaling 1n step S41; transmits a first
reference signal 1n step S402; receives a second signaling in
step S42; and receives a first radio signal 1n step S43.

In Embodiment 6, the first signaling comprises a first
field, the second signaling comprises a second field; the
second signaling comprises first-type scheduling informa-
tion of the first radio signal; the first field of the first
signaling and the second field of the second signaling are
jointly used by the U4 for determining whether the first radio
signal 1s related to the first signaling. The first signaling 1s
used by the U4 for determiming second-type scheduling
information of the first reference signal; the first reference
signal comprises P first sub-signal(s), the P first sub-signal(s)
1s(are) transmitted respectively by P first-type antenna
port(s); the first radio signal comprises K radio sub-
signal(s), the K radio sub-signal(s) is(are) transmitted
respectively by K second-type antenna port(s). When the
first field of the first signaling and the second field of the
second signaling are jointly used by the U4 for determining
that the first radio signal 1s related to the first signaling,
multi-antenna related processing(s) of K first sub-signal(s)
is(are) respectively used for determining multi-antenna
related processing(s) of the K radio sub-signal(s), the K first
sub-signal(s) 1s(are) a subset of the P first sub-signal(s); P 1s
a positive 1mteger, K 1s a positive integer no greater than the
P. The first downlink information i1s used by the U4 for
determining 11 piece(s) of second-type scheduling informa-
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tion, the second-type scheduling information of the first
reference signal 1s one of the T1 piece(s) of second-type

scheduling information, the T1 1s a positive integer.

In one subembodiment, the second signaling 1s a dynamic
signaling used for DownlLink Grant.

In one subembodiment, the first radio signal 1s transmitted
on a downlink physical layer data channel (1.e., a downlink
channel capable of carrying physical layer data).

In one subembodiment, K first-type antenna port(s) is(are)
a subset of the P first-type antenna port(s)), the K first-type
antenna port(s) 1s(are) respectively used for transmitting the
K first sub-signal(s), the K first-type antenna port(s) respec-
tively corresponds(correspond) to the K second-type
antenna port(s).

In one subembodiment, multi-antenna related reception(s)
of the K first sub-signal(s) 1s(are) respectively used by the
N3 for determining multi-antenna related transmission(s) of
the K radio sub-signal(s).

In one subembodiment, measurement(s) on the K first
sub-signal(s) 1s(are) respectively used by the N3 for deter-
miming beamiorming vector(s) corresponding to the K sec-
ond-type antenna port(s).

In one subembodiment, measurement(s) on the K first
sub-signal(s) 1s(are) respectively used by the N3 for deter-
mimng analog beamiforming vector(s) corresponding to the
K second-type antenna port(s).

In one subembodiment, multi-antenna related transmis-
sion(s) of the K first sub-signal(s) 1s(are) respectively used
by the U4 for determining multi-antenna related reception(s)
of the K radio sub-signal(s).

In one subembodiment, beamforming vector(s) corre-
sponding to the K first-type antenna port(s) is(are) respec-
tively used by the U4 as recetve beamiorming vector(s) of
the K radio sub-signal(s).

In one subembodiment, analog beamforming vector(s)
corresponding to the K first-type antenna port(s) is(are)
respectively used by the U4 as receive analog beamiorming,
vector(s) of the K radio sub-signal(s).

Embodiment 7

Embodiment 7 illustrates a flowchart of a wireless trans-
mission, as shown 1n FIG. 7. In FIG. 7, a base station N5 1s
a maintenance base station for a serving cell of a UE U6. In
FIG. 7, steps 1n box F5, box F6 and box F7 are optional,
respectively.

The NS transmits second downlink information 1n step
S501; transmits a first signaling in step S51; transmits a
second reference signal 1n step S3502; receives uplink infor-
mation 1n step S503; transmits a second signaling in step
S52; and receives a first radio signal 1n step S53.

The U6 receives second downlink information in step
S601; receives a first signaling 1n step S61; receives a second
reference signal 1n step S602; transmits uplink information
in step S603; recerves a second signaling in step S62; and
transmits a first radio signal 1n step S63.

In Embodiment 7, the first signaling comprises a first
field, the second signaling comprises a second field; the
second signaling comprises first-type scheduling informa-
tion of the first radio signal; the first field of the first
signaling and the second field of the second signaling are
jointly used by the U6 for determining whether the first radio
signal 1s related to the first signaling. The first signaling 1s
used by the U6 for determining third-type scheduling infor-
mation of the second reference signal; the second reference
signal comprises Q second sub-signal(s), the Q second
sub-signal(s) 1s(are) respectively transmitted by Q third-type
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antenna port(s); the first radio signal comprises K radio
sub-signal(s), the K radio sub-signal(s) 1s(are) transmitted
respectively by K second-type antenna port(s). When the
first field of the first signaling and the second field of the
second signaling are jointly used by the U6 for determining,
that the first radio signal 1s related to the first signaling,
multi-antenna related processing(s) of K second sub-
signal(s) 1s(are) respectively used for determining multi-
antenna related processing(s) of the K radio sub-signal(s),
the K second sub-signal(s) 1s(are) a subset of the Q second
sub-signal(s); Q 1s a positive mteger, K 1s a positive integer
no greater than the Q. The uplink information 1s used by the
NS for determining K1 second sub-signal(s), the K1 second
sub-signal(s) 1s(are) a subset of the Q second sub-signal(s),
the K second sub-signal(s) 1s(are) a subset of the K1 second
sub-signal(s), K1 1s a positive integer no greater than the
and no less than the K. The second downlink information 1s
used by the Ué for determining 12 piece(s) of third-type
scheduling information, the third-type scheduling informa-
tion of the second reference signal 1s one of the T2 piece(s)
of third-type scheduling information, T2 1s a positive inte-
ger.

In one subembodiment, the third-type scheduling infor-
mation includes at least one of occupied time domain
resources, occupied frequency domain resources, occupied
code domain resources, cyclic shift, an OCC, an occupied
antenna port, a corresponding transmit beamforming vector,
a corresponding receive beamiorming vector, a correspond-
ing transmit spatial filtering or a corresponding receive
spatial filtering.

In one subembodiment, the first signaling i1s used for
triggering a measurement on the second reference signal.

In one subembodiment, the second signaling 1s used by
the U6 for determining the K second sub-signal(s) out of the

Q second sub-signal(s).

In one subembodiment, the second reference signal
includes at least one of CSI-RS, DMRS, TRS, PTRS, PSS,

SSS, PSSS or SSSS.

In one subembodiment, K third-type antenna port(s)
1s(are) a subset of the Q third-type antenna port(s), the K
third-type antenna port(s) 1s(are) respectively used for trans-
mitting the K second sub-signal(s), the K third-type antenna
port(s) respectively corresponds(correspond) to the K sec-
ond-type antenna port(s).

In one subembodiment, multi-antenna related reception(s)
of the K second sub-signal(s) 1s(are) respectively used by the
U6 for determining multi-antenna related transmission(s) of
the K radio sub-signal(s).

In one subembodiment, measurement(s) on the K second
sub-signal(s) 1s(are) respectively used by the U6 for deter-
mining beamiorming vector(s) corresponding to the K sec-
ond-type antenna port(s).

In one subembodiment, measurement(s) on the K second
sub-signal(s) 1s(are) respectively used by the U6 for deter-
mining analog beamforming vector(s) corresponding to the
K second-type antenna port(s).

In one subembodiment, multi-antenna related transmis-
sion(s) of the K second sub-signal(s) 1s(are) respectively
used by the N5 for determining multi-antenna related recep-
tion(s) of the K radio sub-signal(s).

In one subembodiment, beamforming vector(s) corre-
sponding to the K third-type antenna port(s) 1s(are) respec-
tively used by the N5 as recetve beamiorming vector(s) of
the K radio sub-signal(s).

In one subembodiment, analog beamforming vector(s)
corresponding to the K third-type antenna port(s) 1s(are)
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respectively used by the NS as receive analog beamiforming,
vector(s) of the K radio sub-signal(s).

In one subembodiment, the second reference signal
occurs only once 1n time domain.

In one subembodiment, the second reference signal
occurs multiple times 1n time domain.

In one subembodiment, a measurement on the second
reference signal 1s used by the U6 for determining the K1
second sub-signal(s).

In one subembodiment, a receiving quality of any of the
K1 second sub-signal(s) 1s greater than a receiving quality of
any of the Q second sub-signals not belonging to the K1
second sub-signal(s).

In one subembodiment, the K1 1s equal to the K.

In one subembodiment, the K1 1s greater than the K.

In one subembodiment, the K1 1s less than the Q.

In one subembodiment, the uplink information includes
UCI.

In one subembodiment, the first signaling 1s used by the
U6 for determining third-type scheduling information of the
second reference signal out of the T2 piece(s) of third-type
scheduling information.

In one subembodiment, the first field of the first signaling,
1s used for i1dentifying the second reference signal.

Embodiment 8

Embodiment 8 illustrates a flowchart of a wireless trans-
mission, as shown 1n FIG. 8. In FIG. 8, a base station N7 1s
a maintenance base station for a serving cell of a UE US8. In
FIG. 8, steps in box F8, box F9 and box F10 are optional,
respectively.

The N7 transmits second downlink information 1n step
S701; transmits a first signaling in step S71; transmits a
second reference signal 1n step S702; receives uplink infor-
mation 1n step S703; transmits a second signaling in step
S72; and transmits a first radio signal 1n step S73.

The U8 receives second downlink information in step
S801; receives a first signaling 1n step S81; receives a second
reference signal 1n step S802; transmits uplink information
in step S803; recerves a second signaling in step S83; and
receives a first radio signal 1n step S83.

In Embodiment 8, the first signaling comprises a first
field, the second signaling comprises a second field; the
second signaling comprises first-type scheduling informa-
tion of the first radio signal; the first field of the first
signaling and the second field of the second signaling are
jointly used by the U8 for determining whether the first radio
signal 1s related to the first signaling. The first signaling 1s
used by the U8 for determining third-type scheduling infor-
mation of the second reference signal; the second reference
signal comprises Q second sub-signal(s), the Q second
sub-signal(s) 1s(are) respectively transmitted by Q third-type
antenna port(s); the first radio signal comprises K radio
sub-signal(s), the K radio sub-signal(s) 1s(are) transmitted
respectively by K second-type antenna port(s). When the
first field of the first signaling and the second field of the
second signaling are jointly used by the U8 for determining
that the first radio signal 1s related to the first signaling,
multi-antenna related processing(s) of K second sub-
signal(s) 1s(are) respectively used for determining multi-
antenna related processing(s) of the K radio sub-signal(s),
the K second sub-signal(s) 1s(are) a subset of the Q second
sub-signal(s); QQ 1s a positive mteger, and K 1s a positive
integer no greater than the Q. The uplink information 1s used
by the N7 for determining K1 second sub-signal(s), the K1
second sub-signal(s) 1s(are) a subset of the QQ second sub-
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signal(s), the K second sub-signal(s) 1s(are) a subset of the
K1 second sub-signal(s), the K1 1s a positive mteger no
greater than the Q and no less than the K. The second
downlink information 1s used by the U8 for determining T2
piece(s) of third-type scheduling information, the third-type
scheduling information of the second reference signal 1s one
of the T2 piece(s) of third-type scheduling information, T2
1s a positive integer.

In one subembodiment, multi-antenna related transmis-
sion(s) of the K second sub-signal(s) 1s(are) respectively
used by the N7 for determining multi-antenna related trans-
mission(s) ol the K radio sub-signal(s).

In one subembodiment, any of the K third-type antenna
port(s) 1s QCL with a corresponding second-type antenna
port.

In one subembodiment, any of the K second-type antenna
port(s) and a corresponding third-type antenna port corre-
spond to a same beamiorming vector.

In one subembodiment, any of the K second-type antenna
port(s) and a corresponding third-type antenna port corre-
spond to a same analog beamiorming vector.

In one subembodiment, multi-antenna related reception(s)
of the K second sub-signal(s) 1s(are) respectively used by the
U8 for determining multi-antenna related reception(s) of the
K radio sub-signal(s).

In one subembodiment, measurement(s) on the K second
sub-signal(s) 1s(are) respectively used by the U8 for deter-
mining a receive beamiorming vector(s) of the K radio
sub-signal(s).

In one subembodiment, measurement(s) on the K second
sub-signal(s) 1s(are) respectively used by the U8 for deter-
mining a receive analog beamforming vector(s) of the K
radio sub-signal(s).

Embodiment 9

Embodiment 9 illustrates a schematic diagram of a first
signaling and a second signaling, as shown 1n FIG. 9.

In Embodiment 9, the first signaling comprises a first
field, the second field comprises a second field; the first field
of the first signaling and the second field of the second
signaling are jointly used for determiming whether the first
radio signal 1s related to the first signaling. The first field and
the second field are respectively composed of a positive
integer number of bits.

In one subembodiment, a number of bits comprised in the
first field 1s the same as a number of bits comprised 1n the
second field.

In one subembodiment, when a value of the second field
of the second signaling 1s equal to a value of the first field
of the first signaling, the first radio signal 1s related to the
first signaling; when the value of the second field of the
second signaling 1s unequal to the value of the first field of
the first signaling, the first radio signal 1s unrelated to the
first signaling.

Embodiment 10

Embodiment 10 illustrates a schematic diagram of rela-
tion(s) between K first sub-signal(s) and P first sub-signal(s),
as shown 1n FIG. 10.

In Embodiment 10, the first reference signal 1n the present
disclosure comprises P first sub-signal(s), wherein the P first
sub-signal(s) 1s(are) transmitted respectively by P first-type
antenna port(s); multi-antenna related processing(s) of K
first sub-signal(s) 1s(are) respectively used for determining
multi-antenna related processing(s) of the K radio sub-
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signal(s) in the present disclosure, the K first sub-signal(s)
1s(are) a subset of the P first sub-signal(s). A measurement on
the first reference signal 1s used for determining the K first
sub-signal(s) out of the P first sub-signal(s). The K radio
sub-signal(s) 1s(are) transmitted respectively by K second-
type antenna port(s), K first-type antenna port(s) 1s(are) a
subset of the P first-type antenna port(s), the K first-type
antenna port(s) 1s(are) respectively used for transmitting the
K first sub-signal(s), the K first-type antenna port(s) respec-
tively corresponds(correspond) to the K second-type
antenna port(s).

In FIG. 10, an antenna port 1s formed by a plurality of
antennas of one or more antenna groups through antenna
virtualization, wherein mapping coellicients of the plurality
ol antennas of the one or more antenna groups to the antenna
port constitute a beamforming vector. One of the antenna
group 1s connected to a baseband processor via a Radio
Frequency (RF) chain. Mapping coeflicients of a plurality of
antennas within the same antenna group to the antenna port
constitute an analog beamiorming vector for the antenna
group, all antenna groups comprised in the antenna port
correspond to a same analog beamforming vector. Mapping
coellicients of all antenna ports comprised 1n the antenna
port to the antenna port constitute a digital beamforming,
vector for the antenna port. The beamforming vector for the
antenna port 1s a Kronecker product of a corresponding
analog beamforming vector and a corresponding digital
beamforming vector.

In one subembodiment, measurement(s) on the P first
sub-signal(s) 1s(are) respectively used for determining P
receiving quality(qualities).

In one subembodiment, a receiving quality of any of the
K first sub-signal(s) 1s greater than a receiving quality of any
of the P first sub-signals not belonging to the K {irst
sub-signal(s).

In one subembodiment, any of the P receiving quality
(qualities) 1s an RSRP.

In one subembodiment, any of the P receiving quality
(qualities) 1s an RSRQ.

In one subembodiment, any of the P receiving quality
(qualities) 1s a CQI.

In one subembodiment, P first beamiorming vector(s)
respectively corresponds(correspond) to the P first sub-
signal(s), the P first beamforming vector(s) respectively
belongs(belong) to a first beamforming vector set, the first
beamforming vector set comprises a positive mteger number
of beamiorming vector(s). For any given first sub-signal of
the P first sub-signal(s), a corresponding first beamiorming,
vector 1s a given first beamforming vector. A receiving
quality obtained by a target receiver of the first reference
signal when receiving the given first sub-signal employing
the given first beamiorming vector 1s higher than a receiving,
quality obtained by the target receiver of the first reference
signal when receiving the given first sub-signal employing
any beamiorming vector of the first beamforming vector set
other than the given first beamiforming vector.

In one subembodiment, the P receiving quality(qualities)
1s(are) recerving quality(qualities) obtained when the target
receiver of the first reference signal receives the P first
sub-signal(s) respectively employing the P first beamiorm-
ing vector(s).

In one subembodiment, K {first beamiforming vector(s)
1s(are) first beamforming vector(s) respectively correspond-
ing to the K first sub-signal(s) out of the P first beamforming
vector(s).

In one subembodiment, a receiving quality obtained by a
target receiver of the first reference signal when employing
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any ol the K first beamforming vector(s) to receive a
corresponding first sub-signal 1s greater than a receiving

quality obtained by the target recerver of the first reference
signal when employing any of the P first beamforming
vectors not belonging to the K first beamforming vector(s)
to receive a corresponding first sub-signal.

In one subembodiment, any of the K second-type antenna
port(s) and a corresponding third-type antenna port corre-
spond to a same beamiorming vector, the operating 1n the
present disclosure 1s transmitting, the executing 1n the pres-
ent disclosure 1s receiving.

In one subembodiment, any of the K second-type antenna
port(s) and a corresponding third-type antenna port corre-
spond to a same analog beamiforming vector, the operating
1s transmitting, the executing 1s receiving.

In one subembodiment, any of the K second-type antenna
port(s) and a corresponding {first-type antenna port corre-
spond to a same analog beamiforming vector and a same
digital beamforming vector, the operating 1s transmitting,
the executing 1s receiving.

In one subembodiment, the K first beamforming vector(s)
1s(are) respectively used as receive beamiorming vector(s)
of the K radio sub-signal(s), the operating 1s transmitting,
the executing 1s receiving.

In one subembodiment, the K first beamforming vector(s)
1s(are) respectively used as receirve analog beamiorming
vector(s) of the K radio sub-signal(s), the operating 1s
transmitting, the executing is receiving.

In one subembodiment, the K first beamiorming vector(s)
1s(are) respectively used as beamiorming vector(s) corre-
sponding to the K second-type antenna port(s), the operating
1s recerving, the executing 1s transmitting.

In one subembodiment, the K first beamiorming vector(s)
1s(are) respectively used as analog beamiforming vector(s)
corresponding to the K second-type antenna port(s), the
operating 1s receiving, the executing 1s transmitting.

In one subembodiment, beamiforming vector(s) corre-
sponding to the K first-type antenna port(s) 1s(are) respec-
tively used as receive beamiorming vector(s) of the K radio
sub-signal(s), the operating 1s receiving, the executing 1s
transmitting.

In one subembodiment, analog beamforming vector(s)
corresponding to the K first-type antenna port(s) 1s(are)
respectively used as receive analog beamforming vector(s)
of the K radio sub-signal(s), the operating 1s receiving, the
executing 1s transmitting.

Embodiment 11

Embodiment 11 illustrates a schematic diagram of rela-
tion(s) between K second sub-signal(s) and QQ second sub-
signal(s), as shown in FIG. 11.

In Embodiment 11, the second reference signal in the
present disclosure comprises (Q second sub-signal(s), the
second sub-signal(s) 1s(are) respectively transmitted by Q
third-type  antenna  port(s); multi-antenna  related
processing(s) of K second sub-signal(s) 1s(are) respectively
used for determining multi-antenna related processing(s) of
the K radio sub-signal(s) in the present disclosure, the K
second sub-signal(s) 1s(are) a subset of the Q second sub-
signal(s). A measurement on the second reference signal 1s
used for determining the K second sub-signal(s) out of the
Q second sub-signal(s). The K radio sub-signal(s) 1s(are)
respectively transmitted by K second-type antenna port(s),
K third-type antenna port(s) 1s(are) a subset of the
third-type antenna port(s), the K third-type antenna port(s)
is(are) respectively used for transmitting the K second
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sub-signal(s), the K third-type antenna port(s) respectively
corresponds(correspond) to the K second-type antenna
port(s).

In one subembodiment, measurement(s) on the Q second
sub-signal(s) 1s(are) respectively used for determining Q)
receiving quality(qualities).

In one subembodiment, a receiving quality of any of the
K second sub-signal(s) 1s greater than a receiving quality of
any of the QQ second sub-signals not belonging to the K
second sub-signal(s).

In one subembodiment, any of the QQ recerving quality
(qualities) 1s an RSRP.

In one subembodiment, any of the Q recerving quality
(qualities) 1s an RSRQ.

In one subembodiment, any of the Q receiving quality
(qualities) 1s a CQI.

In one subembodiment, () second beamforming vector(s)
respectively corresponds(correspond) to the Q second sub-
signal(s), the Q second beamiorming vector(s) respectively
belongs(belong) to a second beamiorming vector set, the
second beamiorming vector set comprises a positive integer
number of beamiorming vector(s). For any given second
sub-signal of the Q second sub-signal(s), a corresponding
second beamforming vector 1s a given second beamiorming
vector. A recetving quality obtained by the UE of the present
disclosure when receiving the given second sub-signal
employing the given second beamiorming vector 1s hlgher
than a recerving quality obtained by the UE when receiving
the given second sub-signal employing any beamiforming
vector of the second beamiorming vector set other than the
given second beamiforming vector.

In one subembodiment, the QQ recerving quality(qualities)
1s(are) receiving quality(qualities) obtained when the UE
receives the Q second sub-signal(s) respectively employing,
the Q second beamforming vector(s).

In one subembodiment, K second beamforming vector(s)
1s(are) second beamforming vector(s) respectively corre-
sponding to the K second sub-signal(s) out of the Q second
beamforming vector(s).

In one subembodiment, a receiving quality obtained by
the UE when employing any of the K second beamiforming
vector(s) to receive a corresponding second sub-signal 1s
greater than a recerving quality obtained by the UE when
employing any of the Q second beamforming vectors not
belonging to the K second beamiorming vector(s) to receive
a corresponding second sub-signal.

In one subembodiment, any of the K second-type antenna
port(s) and a corresponding third-type antenna port corre-
spond to a same beamforming vector, the operating 1n the
present disclosure 1s receiving, the executing in the present
disclosure 1s transmaitting.

In one subembodiment, any of the K second-type antenna
port(s) and a corresponding third-type antenna port corre-
spond to a same analog beamforming vector, the operating
1s receiving, the executing 1s transmitting.

In one subembodiment, any of the K second-type antenna
port(s) and a corresponding third-type antenna port corre-
spond to a same analog beamiforming vector and a same
digital beamforming vector, the operating 1s receiving, the
executing 1s transmitting.

In one subembodiment, the K second beamiorming
vector(s) 1s(are) respectively used as receive beamiorming,
vector(s) of the K radio sub-signal(s), the operating is
receiving, the executing 1s transmitting.

In one subembodiment, the K second beamiorming
vector(s) 1s(are) respectively used as receive analog beam-
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forming vector(s) of the K radio sub-signal(s), the operating
1s recerving, the executing 1s transmitting.

In one subembodiment, the K second beamiorming
vector(s) 1s(are) respectively used as beamiorming vector(s)
corresponding to the K second-type antenna port(s), the
operating 1s transmitting, the executing 1s receiving.

In one subembodiment, the K second beamiforming
vector(s) 1s(are) respectively used as analog beamiorming
vector(s) corresponding to the K second-type antenna
port(s), the operating 1s transmitting, the executing 1s receiv-
ng.

In one subembodiment, beamforming vector(s) corre-
sponding to the K third-type antenna port(s) 1s(are) respec-
tively used as receive beamiorming vector(s) of the K radio
sub-signal(s), the operating 1s transmitting, the executing 1s
receiving.

In one subembodiment, analog beamforming vector(s)
corresponding to the K third-type antenna port(s) 1s(are)
respectively used as receive analog beamforming vector(s)
of the K radio sub-signal(s), the operating 1s transmitting,
the executing 1s receiving.

Embodiment 12

Embodiment 12 illustrates a structure block diagram of a
processing device in a UE, as shown 1n FIG. 12. In FIG. 12,
a processing device 1200 1n a UE consists of a first receiver
1201 and a first processor 1202.

In Embodiment 12, the first receiver 1201 receives a first
signaling and a second signaling; the first processor 1202
operates a first radio signal.

In Embodiment 12, the first signaling comprises a first
field, the second signaling comprises a second field; the
second signaling comprises first-type scheduling informa-
tion of the first radio signal; the first field of the first
signaling and the second field of the second signaling are
joimtly used by the first processor 1202 for determiming
whether the first radio signal 1s related to the first signaling;
the operating 1s receiving, or the operating 1s transmitting.

In one subembodiment, when a value of the second field
of the second signaling 1s equal to a value of the first field
of the first signaling, the first radio signal 1s related to the
first signaling; when the value of the second field of the
second signaling 1s unequal to the value of the first field of
the first signaling, the first radio signal 1s unrelated to the
first signaling.

In one subembodiment, the first processor 1202 also
transmits a first reference signal. Herein, the first field of the
first signaling and the second field of the second signaling
are jointly used by the first processor 1202 for determining
that the first radio signal 1s related to the first signaling; the
first signaling 1s used by the first processor 1202 for deter-
mining second-type scheduling information of the first ref-
erence signal; the first reference signal comprises P first
sub-signal(s), the P first sub-signal(s) is(are) transmitted
respectively by P first-type antenna port(s); the first radio
signal comprises K radio sub-signal(s), the K radio sub-
signal(s) 1s(are) transmitted respectively by K second-type
antenna port(s); multi-antenna related processing(s) of K
first sub-signal(s) 1s(are) respectively used for determining
multi-antenna related processing(s) of the K radio sub-
signal(s), the K first sub-signal(s) 1s(are) a subset of the P
first sub-signal(s); P 1s a positive imteger, K 1s a positive
integer no greater than the P.

In one subembodiment, the first processor 1202 also
receives a second reference signal. Herein, the first field of
the first signaling and the second field of the second signal-
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ing are jointly used by the first processor 1202 for deter-
mimng that the first radio 1s related to the first signaling; the

first signaling 1s used by the first processor 1202 for deter-
mimng third-type scheduling information of the second
reference signal; the second reference signal comprises ()
second sub-signal(s), the Q second sub-signal(s) 1s(are)
respectively transmitted by Q third-type antenna port(s); the
first radio signal comprises K radio sub-signal(s), the K
radio sub-signal(s) 1s(are) respectively transmitted by K
second-type antenna port(s); multi-antenna related process-
ing(s) of the K second sub-signal(s) 1s(are) respectively used
for determiming multi-antenna related processing(s) of the K
radio sub-signal(s), the K second sub-signal(s) 1s(are) a
subset of the Q second sub-signal(s); Q 1s a positive integer,
K 1s a positive integer no greater than the Q.

In one subembodiment, the first processor 1202 also
transmits uplink information. Herein, the uplink information
1s used for determining K1 second sub-signal(s), the K1
second sub-signal(s) 1s(are) a subset of the QQ second sub-
signal(s), the K second sub-signal(s) 1s(are) a subset of the
K1 second sub-signal(s), K1 1s a positive integer no greater
than the Q and no less than the K.

In one subembodiment, the first receiver 1201 also
recerves first downlink information. Herein, the first down-
link information 1s used by the first receiver 1201 {for
determining T1 piece(s) of second-type scheduling informa-
tion, the second-type scheduling information of the first
reference signal 1s one of the T1 piece(s) of second-type
scheduling information, T1 is a positive integer.

In one subembodiment, the first receiver 1201 also
receives second downlink information. Herein, the second
downlink information 1s used by the first receiver 1201 for
determining 12 piece(s) of third-type scheduling informa-
tion, the third-type scheduling information of the second
reference signal 1s one of the T2 piece(s) of third-type
scheduling information, T2 1s a positive iteger.

In one subembodiment, the first field of the first signaling,
1s used for 1dentifying the first reference signal.

In one subembodiment, the first field of the first signaling,
1s used for i1dentitying the second reference signal.

In one subembodiment, the first signaling 1s used for
determining at least one of fourth-type scheduling informa-
tion of the first radio signal or fifth-type scheduling infor-
mation of the second signaling.

In one subembodiment, the first receiver 1201 comprises
at least one of the receiving processor 4356 or the controller/
processor 459 1 Embodiment 4.

In one subembodiment, the first processor 1202 comprises
at least one of the receiving processor 4356 or the controller/
processor 459 1n Embodiment 4.

In one subembodiment, the first processor 1202 comprises
at least one of the transmitting processor 468 or the con-
troller/processor 459 1n Embodiment 4.

Embodiment 13

Embodiment 13 illustrates a structure block diagram of a
processing device 1n a base station, as shown in FIG. 13. In
FIG. 13, a processing device 1300 1n a base station consists
of a first transmitter 1301 and a second processor 1302.

In Embodiment 13, the first transmitter 1301 transmits a
first signaling and a second signaling; the second processor
1302 executes a first radio signal.

In Embodiment 13, the first signaling comprises a first
field, the second signaling comprises a second field; the
second signaling comprises first-type scheduling informa-
tion of the first radio signal; the first field of the first
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signaling and the second field of the second signaling are
jomtly used for determining whether the first radio signal 1s
related to the first signaling; the executing 1s transmitting, or
the executing 1s receiving.

In one subembodiment, when a value of the second field
of the second signaling 1s equal to a value of the first field
of the first signaling, the first radio signal 1s related to the
first signaling; when the value of the second field of the
second signaling 1s unequal to the value of the first field of
the first signaling, the first radio signal 1s unrelated to the
first signaling.

In one subembodiment, the second processor 1302 also
receives a lirst reference signal. Herein, the first field of the
first signaling and the second field of the second signaling
are jointly used for determining that the first radio signal 1s
related to the first signaling; the first signaling 1s used for
determining second-type scheduling information of the first
reference signal; the first reference signal comprises P first
sub-signal(s), the P first sub-signal(s) 1s(are) transmitted
respectively by P first-type antenna port(s); the first radio
signal comprises K radio sub-signal(s), the K radio sub-
signal(s) 1s(are) transmitted respectively by K second-type
antenna port(s); multi-antenna related processing(s) of K
first sub-signal(s) 1s(are) respectively used for determining
multi-antenna related processing(s) of the K radio sub-
signal(s), the K first sub-signal(s) 1s(are) a subset of the P
first sub-signal(s); P 1s a positive integer, K 1s a positive
integer no greater than the P.

In one subembodiment, the second processor 1302 also
transmits a second reference signal. Herein, the first field of
the first signaling and the second field of the second signal-
ing are jointly used for determining that the first radio signal
1s related to the first signaling; the first signaling 1s used for
determining third-type scheduling information of the second
reference signal; the second reference signal comprises ()
second sub-signal(s), the Q second sub-signal(s) 1s(are)
respectively transmitted by Q third-type antenna port(s); the
first radio signal comprises K radio sub-signal(s), the K
radio sub-signal(s) 1s(are) transmitted respectively by K
second-type antenna port(s); multi-antenna related process-
ing(s) of K second sub-signal(s) 1s(are) respectively used for
determining multi-antenna related processing(s) of the K
radio sub-signal(s), the K second sub-signal(s) 1s(are) a
subset of the Q second sub-signal(s); Q 1s a positive 1nteger,
K 1s a positive integer no greater than the Q.

In one subembodiment, the second processor 1302 also
receives uplink mformation. Herein, the uplink information
1s used by the second processor 1302 for determining K1
second sub-signal(s), the K1 second sub-signal(s) 1s(are) a
subset of the Q second sub-signal(s), the K second sub-
signal(s) 1s(are) a subset of the K1 second sub-signal(s), K1
1s a positive mteger no greater than the (Q and no less than
the K.

In one subembodiment, the first transmitter 1301 also
transmuits first downlink information. Herein, the first down-
link imformation 1s used for determining T1 piece(s) of
second-type scheduling information, the second-type sched-
uling information of the first reference signal 1s one of the T1
piece(s) ol second-type scheduling information, T1 1s a
positive integer.

In one subembodiment, the first transmitter 1301 also
transmits second downlink information. Herein, the second
downlink information is used for determining T2 piece(s) of
third-type scheduling information, the third-type scheduling
information of the second reference signal 1s one of the T2
piece(s) of third-type scheduling information, T2 1s a posi-
tive integer.
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In one subembodiment, the first field of the first signaling,
1s used for 1dentifying the first reference signal.

In one subembodiment, the first field of the first signaling
1s used for i1dentifying the second reference signal.

In one subembodiment, the first signaling 1s used for
determining at least one of fourth-type scheduling informa-
tion of the first radio signal or fifth-type scheduling infor-
mation of the second signaling.

In one subembodiment, the first transmitter 1301 com-
prises at least one of the transmitting processor 416 or the
controller/processor 475 in Embodiment 4.

In one subembodiment, the second processor 1302 com-
prises at least one of the receiving processor 470 or the
controller/processor 475 1n Embodiment 4.

In one subembodiment, the second processor 1302 com-
prises at least one of the transmitting processor 416 or the
controller/processor 475 1n Embodiment 4.

The ordinary skill 1n the art may understand that all or part
of steps in the above method may be implemented by
instructing related hardware through a program. The pro-
gram may be stored 1n a computer readable storage medium,
for example Read-Only-Memory (ROM), hard disk or com-
pact disc, etc. Optionally, all or part of steps in the above
embodiments also may be implemented by one or more
integrated circuits. Correspondingly, each module unit 1n the
above embodiment may be implemented in the form of
hardware, or 1n the form of software function modules. The
present disclosure 1s not limited to any combination of
hardware and software 1n specific forms. The UE or terminal
in the present disclosure includes but 1s not limited to
unmanned aerial vehicles, communication modules on
unmanned aerial vehicles, telecontrolled aircrafts, aircrafts,
diminutive airplanes, mobile phones, tablet computers, note-
books, vehicle-mounted communication equipment, wire-
less sensor, network cards, terminals for Internet of Things

(I0T), RFID terminals, NB-IOT terminals, Machine Type
Communication (MTC) terminals, enhanced MTC (eMTC)
terminals, data cards, low-cost mobile phones, low-cost
tablet computers, etc. The base station in the present dis-
closure includes but 1s not limited to macro-cellular base
stations, micro-cellular base stations, home base stations,
relay base station, gNB (NR node B), Transmitter Receiver
Point (TRP), and other radio communication equipment.
The above are merely the preferred embodiments of the
present disclosure and are not intended to limit the scope of
protection of the present disclosure. Any modification,
equivalent substitute and improvement made within the
spirit and principle of the present disclosure are intended to
be included within the scope of protection of the present
disclosure.
What 1s claimed 1s:
1. A method 1n a User Equipment (UE) for wireless
communication, comprising:
receiving a first signaling;
receiving a second signaling; and
transmitting a first radio signal;
wherein the first signaling comprises a first field, the
second signaling comprises a second field; the first field
and the second field are respectively composed of a
positive integer number of bits; the second signaling 1s
a Download Control Information (DCI), and the second
signaling comprises lirst-type scheduling information
of the first radio signal; the first field of the first
signaling and the second field of the second signaling
are jointly used for determiming whether the first radio
signal 1s related to the first signaling; the second
signaling 1s transmitted on a Physical DownlinkControl
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Channel (PDCCH); the first radio signal 1s transmitted
on a Physical Uplink Shared CHannel (PUSCH); com-
prising:
transmitting a first reference signal, the first reference
signal 1s a Sounding Reference Signal (SRS); wherein
the first field of the first signaling and the second field
of the second signaling are jointly used for determining
that the first radio signal 1s related to the first signaling,
the first signaling 1s used for determining second-type
scheduling information of the first reference signal, the
first reference signal comprises P first sub-signal(s), the
P first sub-signal(s) 1s(are) transmitted respectively by
P first-type antenna port(s), the first radio signal com-
prises K radio sub-signal(s), the K radio sub-signal(s)
is(are) transmitted respectively by K second-type
antenna port(s), multi-antenna related processing(s) of
K first sub-signal(s) 1s(are) respectively used for deter-
mining multiantenna related processing(s) of the K
radio sub-signal(s), the K first sub-signal(s) 1s(are) a
subset of the P first sub-signal(s), P 1s a positive integer,
K 1s a positive integer no greater than the P.

2. The method according to claim 1, wherein when a value
of the second field of the second signaling 1s equal to a value
of the first field of the first signaling, the first radio signal 1s
related to the first signaling; when the value of the second
field of the second signaling i1s unequal to the value of the
first field of the first signaling, the first radio signal 1is
unrelated to the first signaling.

3. The method according to claim 1, wherein the first
signaling 1s a Radio Resource Control (RRC) signaling, and
the first signaling 1s transmitted on a PDSCH.

4. The method according to claim 1, wherein the phrase
that multi-antenna related processing(s) of the K first sub-
signal(s) 1s(are) respectively used for determining multi-
antenna related processing(s) of the K radio sub-signal(s)
means that any of the K second-type antenna port(s) and a
corresponding first-type antenna port correspond to a same
spatial filtering.

5. The method according to claim 1, wherein the second
signaling comprises a third field, the third field comprises an
SRS Resource Indicator (SRI), the third field of the second
signaling 1s used for determining the K first sub-signal(s) out
of the P first sub-signal(s).

6. A method 1n a base station for wireless communication,
comprising;

transmitting a first signaling;

transmitting a second signaling; and

recerving a first radio signal;

wherein the first signaling comprises a first field, the

second signaling comprises a second field; the first field
and the second field are respectively composed of a
positive integer number of bits; the second signaling 1s
a Download Control Information (DCI), and the second
signaling comprises first-type scheduling information
of the first radio signal; the first field of the first
signaling and the second field of the second signaling
are jointly used for determining whether the first radio
signal 1s related to the first signaling; the second
signaling 1s transmitted on a Physical DownlinkControl
Channel (PDCCH); the first radio signal 1s transmuitted
on a Physical Uplink Shared CHannel (PUSCH); com-
prising:

recerving a first reference signal, the first reference signal

1s a Sounding Reference Signal (SRS); wherein the first
field of the first signaling and the second field of the
second signaling are jointly used for determining that
the first radio signal 1s related to the first signaling, the
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first signaling 1s used for determining second-type

scheduling information of the first reference signal, the

first reference signal comprises P first sub-signal(s), the

P first sub-signal(s) 1s(are) transmitted respectively by

P first-type antenna port(s), the first radio signal com-
prises K radio sub-signal(s), the K radio subsignal(s)
is(are) transmitted respectively by K second-type
antenna port(s), multi-antenna related processing(s) of
K first sub-signal(s) 1s(are) respectively used for deter-
mining multi-antenna related processing(s) of the K
radio sub-signal(s), the K first sub-signal(s) 1s(are) a
subset of the P first sub-signal(s), P 1s a positive integer,
K 1s a positive integer no greater than the P.

7. The method according to claim 6, wherein when a value
of the second field of the second signaling 1s equal to a value
of the first field of the first signaling, the first radio signal 1s
related to the first signaling; when the value of the second
field of the second signaling 1s unequal to the value of the
first field of the first signaling, the first radio signal 1is
unrelated to the first signaling.

8. The method according to claim 1, wheremn the first
signaling 1s a Radio Resource Control (RRC) signaling, and
the first signaling 1s transmitted on a PDSCH.

9. The method according to claim 6, wherein the phrase
that multi-antenna related processing(s) of the K first sub-
signal(s) 1s(are) respectively used for determining multi-
antenna related processing(s) of the K radio sub-signal(s)
means that any of the K second-type antenna port(s) and a
corresponding first-type antenna port correspond to a same
spatial filtering.

10. The method according to claim 6, wherein the second
signaling comprises a third field, the third field comprises an
SRS Resource Indicator (SRI), the third field of the second
signaling 1s used for determining the K {first sub-signal(s) out
of the P first sub-signal(s).

11. A User Equipment (UE) for wireless communication,
comprising;

a first recerver, receiving a first signaling and a second

signaling; and

a first processor, transmitting a first radio signal;

wherein the first signaling comprises a first field, the

second signaling comprises a second field; the first field
and the second field are respectively composed of a
positive integer number of bits; the second signaling 1s
a Download Control Information (IDCI), and the second
signaling comprises lirst-type scheduling information
of the first radio signal; the first field of the first
signaling and the second field of the second signaling
are jointly used for determiming whether the first radio
signal 1s related to the first signaling; the second

signaling 1s transmitted on a Physical DownlinkControl
Channel (PDCCH); the first radio signal 1s transmaitted

on a Physical Uplink Shared CHannel (PUSCH);

the first processor transmits a first reference signal, the
first reference signal 1s a Sounding Reference Signal
(SRS), wherein the first field of the first signaling and
the second field of the second signaling are jointly used
for determining that the first radio signal 1s related to
the first signaling, the first signaling 1s used for deter-
mining second-type scheduling information of the first
reference signal, the first reference signal comprises P
first sub-signal(s), the P first sub-signal(s) 1s(are) trans-
mitted respectively by P first-type antenna port(s), the
first radio signal comprises K radio sub-signal(s), the K
radio sub-signal(s) is(are) transmitted respectively by
K second-type antenna port(s), multi-antenna related
processing(s) of K first sub-signal(s) 1s(are) respec-
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tively used for determining multi-antenna related pro-
cessing(s) of the K radio sub-signal(s), the K first
sub-signal(s) 1s(are) a subset of the P first sub-signal(s),
P 1s a positive integer, K 1s a positive integer no greater
than the P.

12. The UE according to claim 11, wherein when a value
of the second field of the second signaling 1s equal to a value
of the first field of the first signaling, the first radio signal 1s
related to the first signaling; when the value of the second
field of the second signaling i1s unequal to the value of the
first field of the first signaling, the first radio signal 1is
unrelated to the first signaling.

13. The method according to claim 1, wherein the first
signaling 1s a Radio Resource Control (RRC) signaling, and
the first signaling 1s transmitted on a PDSCH.

14. The UE according to claim 11, wherein the phrase that
multi-antenna related processing(s) of the K {first sub-
signal(s) 1s(are) respectively used for determining multi-
antenna related processing(s) of the K radio sub-signal(s)
means that any of the K second-type antenna port(s) and a
corresponding first-type antenna port correspond to a same
spatial filtering.

15. The VE according to claim 11, whereimn the second
signaling comprises a third field, the third field comprises an
SRS Resource Indicator (SRI), the third field of the second
signaling 1s used for determining the K first sub-signal(s) out
of the P first sub-signal(s).

16. A base station for wireless communication, compris-
ng:

a lirst transmitter, transmitting a first signaling and a

second signaling;

a processor, receiving a first radio signal;

wherein the first signaling comprises a {first field, the

second signaling comprises a second field; the first field
and the second field are respectively composed of a
positive integer number of bits; the second signaling 1s
a Download Control Information (DCI), and the second
signaling comprises first-type scheduling information
of the first radio signal; the first field of the first
signaling and the second field of the second signaling
are jointly used for determining whether the first radio
signal 1s related to the first signaling; the second
signaling 1s transmitted on a Physical DownlinkControl
Channel (PDCCH); the first radio signal 1s transmitted
on a Physical Uplink Shared CHannel (PUSCH);

the processor receives a lirst reference signal, the first

reference signal 1s a Sounding Reference Signal (SRS),
herein, the first field of the first signaling and the
second field of the second signaling are jointly used for
determining that the first radio signal 1s related to the
first signaling, the first signaling 1s used for determin-
ing second-type scheduling information of the first
reference signal, the first reference signal comprises P
first sub-signal(s), the P first sub-signal(s) 1s(are) trans-
mitted respectively by P first-type antenna port(s), the
first radio s1ignal comprises K radio sub-signal(s), the K
radio sub-signal(s) 1s(are) transmitted respectively by
K second-type antenna port(s), multi-antenna related
processing(s) of K first sub-signal(s) 1s(are) respec-
tively used for determining multi-antenna related pro-
cessing(s) of the K radio sub-signal(s), the K {irst
sub-signal(s) 1s(are) a subset of the P first sub-signal(s),
P 1s a positive integer, K 1s a positive integer no greater
than the P.

17. The base station according to claim 16, wherein when
a value of the second field of the second signaling 1s equal
to a value of the first field of the first signaling, the first radio
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signal 1s related to the first signaling; when the value of the
second field of the second signaling 1s unequal to the value
of the first field of the first signaling, the first radio signal 1s
unrelated to the first signaling.

18. The method according to claim 1, wherein the first
signaling 1s a Radio Resource Control (RRC) signaling, and
the first signaling 1s transmitted on a PDSCH.

19. The base station according to claim 16, wherein the
phrase that multi-antenna related processing(s) of the K first
sub-signal(s) 1s(are) respectively used for determining
multi-antenna related processing(s) of the K radio sub-
signal(s) means that any of the K second-type antenna
port(s) and a corresponding {first-type antenna port corre-
spond to a same spatial filtering.

20. The base station according to claim 16, wherein the
second signaling comprises a third field, the third field
comprises an SRS Resource Indicator (SRJ), the third field
of the second signaling 1s used for determining the K {first
sub-signal(s) out of the P first sub-signal(s).
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